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PREFACE  TO  THE  SECOND  EDITION. 


The  Author,  in  writing  this  popular  essay,  wm  ambitious  of  oh- 
taining  the  support,  of  those  for  whom  it  was  specially  written ; 
that  is  to  say,  of  the  general  reader  and  the  young.  He  has  been 
6o  generously  seconded  by  the  entire  press,  that  in  this  ros]x^et 
he  has  succeeded  beyond  his  expeetiitions,  lie  would,  thei-efore, 
l>e  wanting  in  gratitude,  if  he  failed  to  offer  in  this  place  his  best 
thanks  to  thoBe  whose  praises  have  been  for  him  so  many  encourage- 
ments in  the  modest  path  he  has  chosen. 

But  what  he  did  not  dare  to  hope  was,  to  be  honoured  by  the 
approbation  of  those  who  cultivate  the  highest  branches  of  Astrrn 
nomy ;  to  see  his  book  presented  to  the  Academy  of  Sciences  by 
the  illustrious  Director  of  the  Imperial  Observatory,  M.  Leverrier, 
and  to  the  Royal  Astronomical  Society  of  London  by  its  President* 
Mr.  Warren  Dc  La  Rue  ;  to  receive  in  flattering  letters  the  con- 
gmtulations  of  illustrious  Astronomers,  among  w4iom  he  may  be 
permitted  to  cite  the  names  of  Sir  John  Ilerschel,  the  Rev,  W.  R. 
Dawes,  Professor  Piazzi  Smyth,  Mr.  Warren  de  La  Rue,  Mr.  Ijassell, 
and  Professor  G.  P.  Bond  ;  and,  lastly,  to  see  an  English  translation 
undertaken  under  the  editorship  of  Mr.  Lockyer, 

This  Second  Edition  of  "The  Heavens"  difiers  much  from  the 
first  one.  The  Author  has  availed  himsell'  of  the  reprint  to  revise 
the  work  with  care,  and  to  give,  both  to  the  descriptions  and 
explanations  of  the  various  phenomena,  all  the  clearness  of  which 
they  appear  to  him  susceptible. 

.  Newly-published  memoirs,  and  recent  observations,  have  enabled 
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him  to  add,  to  the  diflferent  Chapters  treating  on  the  Physical 
Constitution  of  Stars,  all  details  of  a  nature  likely  to  interest  his 
readers.  The  observations  of  Solar  Spots,  made  by  Mr.  R.  C. 
Carrington  with  such  admirable  perseverance  during  more  than 
seven  years;  the  work  of  a  like  nature  by  M.  Chacomac  and 
Father  Secchi,  and  M.  Faye's  resume  of  it ;  Mr.  Lockyer's  Memoir 
on  the  planet  Mars ;  Lord  Rosse's  new  Catalogue  of  Nebula),  &c., 
have  furnished  materials  for  new  drawings  faithfiilly  copied  from 
the  originals. 

A  large  number  of  the  wood-engravings  have  been  replaced 
or  retouched,  and  new  plates,  panted  in  colours,'  added  to  those 
which  appeared  in  the  first  edition. 


L'ENVOL 

En  pr^sentant  au  public  d'Angleterre  un  livre  dont  le  succis  en 
France  est  dA,  sans  doute,  &  la  raret^  des  ouvrages  vraiment  popu 
laires  d'Astronomie,  j'^prouve  le  besoin  de  la  mettre  sous  le  p 
tronage  du  savant  distingu^  qui  a  bien  voulu  consentir  k  en  dirig 
la  traduction  et  la  publication. 

C'est  done,  pour  moi,  im  devoir,  bien  doux  k  remplir  du  n 
que  de  temoigner,  ici  m£me,  ma  profonde  gratitude  k  Mr.  Non 
Lockyer  pour  les  soins  qu'il  a  donnas  k  ce  travail  de  r^visio 
surtout   pour  les  importantes  et   savantes  additions  dont  il 
richi   le   texte    Fran9ais.      GFrace    k    son    zile,    aussi    bienv< 
qu'6claire,  je  me  sens  plus  a  I'aise  pour  solliciter  les  sufirap 
amis  des  sciences,  en  faveur  d'un  livre  qui  a  ^t^  compose  et 
pour  le  desir  d'accroitre  le  nombre  des  intelligences  aptes 
prendre  et  k  admirer  les   sublimes  connaissances  de  TAst? 
et  assez  courageuses  pour  se  vouer  a  leurs  progres. 

AMfeDEE  GUILLE. 


I  AM  among  those  wlio  believe,  that  the  natural  and  physical 
soionccs  possess  in  themselves  attraction  suffieient  to  render  any 
ornament  superfluous.  This  convictiou  has  been  ray  only  guide  in 
the  conception  and  writing  of  this  book,  which  is  not^  indeed,  a 
scientific  one,  but  a  faithful  picture  of  the  phenomena  ofiered  by  the 
Heavens  to  man's  intelligent  admiration. 

My  plan  was,  therefore,  ready  to  mj^  hand,  and  I  had  but  to 
follow  Natui*e,  as  now  revealed  to  us  by  Astronomy,  in  all  her  ma- 
jestic simplicity.  All  my  efforts  have  had  for  their  object  to  repre- 
sent her  in  all  her  details  and  as  a  whole. 

I  write  for  those  who,  though  interested  in  science,  have  neither 
the  time  nor  the  wish  to  become  professional  astronomers  :  in  a  word, 
for  youth  and  un^eientitic  *' children  of  larger  growth/'  It  has 
been  my  wish,  that  The  Heavens  should  be  read  wiik  something 
of  the  charm  uf  a  romance,  or,  at  least,  with  that  so  powerful  interest 
which  belongs  to  ti-aveUers'  tales  of  iinkno%\Ti  lands.  For,  after  all, 
is  not  the  mind  a  traveller,  when  it  foUows  Science  through  the 
far-off  regions  of  the  ethereal  sky,  jom-ncying  on  from  stage  to  stage, 
that  is,  from  Sun  to  Sun,  to  the  very  confines  of  the  visible  Uni- 
verse? In  our  narrative  of  this  journey  through  the  iutiuite,  the 
reiider,  it  is  true,  wiU  find  no  sudden  turns  of  fortune,  no  unexpected 
accident  to  make  the  heart  beat  quicker  at  the  thought  of  tht^ 
sufferings  of  one  of  our  fellow-men ;  but,  ou  the  other  hand,  it  will 
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be  given  him  to  contemplate  the  most  eublinie  of  all  pictures — the 
majesty  of  tremoiidoiis  phenomena,  the  unalterable  and  etermil 
harmony  of  the  laws  of  Nature. 

What  a  vast  field,  moreover,  what  a  magnificent  horizon  ia 
presented  by  the  Heavens  to  the  most  active  of  human  faculties, 
to  the  imagination  !  Wlien  our  sight*  aided  by  the  most  powerful 
instruments,  dives  into  the  depths  of  space,  and  fiiKln,  instead  of 
feebly  strung  points  of  light,  worlds  like  our  own,  some  smaller, 
some  larger  than  it,  a  thousand  questions  rise  to  our  lips.  We 
find  oui'selves  involuntarily  makiug  in  thought  a  hundred  travels, 
more  interesting,  more  strange,  more  marvellous  than  those  the 
scene  of  which  lies  on  our  own  planet. 

Basing  our  work  on  the  facts  already  acquired,  we  set  ourselTee 
to   build   up    our  neighbouring  worlds ;    the  configuration  of  their 
continents   and   seas,   the   rivers   which    water   them,   their   moun- 
tains, which  are  the  very  Hkcletons  of  worlds,  the  liviug  inhabitants, 
animal  and    vegetable,   which  people   them,  all  present  themselvef 
before   us   in   the   most  varied   forms.      Forced   by   an  irresistiV 
instinct  to  people  these  worlds  with  free  and  intelligent  beings, 
help  them  at  their  work,  in  their  wars  ;  we  ask  if  they,  likf 
have  a  history  and  traditions  ;  then,  the  thought  that  our  hum 
is   but    one   individual  state  of  being  among  those,    which   o 
the   worlds    throughout    boundless   space   work   out   their    d' 
comes  to  console  us ;   we  are  no  longer  alone  to  seek  afte? 
and  the  realization  of  justice  and  goodness. 

These,   doubtless,   are    questions   concerning   which    J 
brings   no   message  to  us,  and  which   will  long,   possib 
continue  in  the  domain  of  conjecture.     Therefore,  we  have 
uptm  them   in  this  book,  leaving  the  reader  to  solve  t 
imagiiiution   may  lead  him.     But  the  coldest  mind,  the 
accessible  to  the  suggestions  of  fancy,  cannot  entirely 
In  spite  of  itself,  there  comes  a  moment,  an  hour  of 
it   too   propounds  the  same   problems;   and   truly   ' 
it  otherwise.     Docs  it  not  afford  one  proof  the  mo 
of  what  day   by  day  becomes  more  evident,   that 
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In  order  to  make  Astronomy  accessible  to  all,  it  was  necessary 
to  banish  from  the  work  the  mathematical  portion  of  the  science, 
which  farrax^  the  essential  element  in  the  spct^Jial  treatises  on  the 
subject.  But,  on  the  other  hand,  the  most  interesting  details 
relative  to  the  constitution  of  the  worlds  which  people  space,  the 
moat  recent  observations  made  by  the  magnificent  instrunient** 
now  erected  in  the  Observatories  of  Europe  and  America,  occupy 
a  large  place  in  this  physieal  description  of  the  Universe. 

One  word  on  the  sources  whence  I  have  selected  materials  tor 
the  book. 

I  wished  to  place  this  attempt  to  popularize  science  on  a  level 
with  the  most  recent  and  most  authentic  discoveriee,  I  therefore 
addressed  myself  directly  to  the  most  illustrious  astronomers,  both 
in  the  Old  and  New  Worlds.  All  of  them  have  liberally  lent  me 
the  aid  of  theii*  knowledge ;  original  memoirs,  photographs,  have 
been  forwarded  to  me  from  tlie  various  scientific  centres,  with  a 
generosity  for  which  I  must  here  publicly  express  my  extreme 
gratitnde.  Nor  have  I  lacked  encouragement  and  advice.  The 
venerable  patriarch  of  contemporary  astronomers,  Sii-  John  Ilerschel, 
Admiral  Smyth,  Mr.  Warren  De  La  Rue,  and  Mr,  Lassell  in 
England ;  the  illustrious  Director  of  the  Obsei'vator)^  of  Poulkowa, 
M.  Otto  Struve,  in  Russia ;  M.  Littrow,  in  Germany ;  and  Pro- 
fessor G.  P.  Bond  in  America,  are  among  foreign  astronomers 
those  to  whom  my  best  thanks  are  due  for  their  generous  aid. 

In  France,  M.  Leverrier  at  once  placed  the  library  of  the 
Imperial  Obsorvatorj'  at  my  disposal,  and  gave  me  permission  to 
make  from  nature  the  drawings  of  the  most  important  instruments 
in  this  magnificent  establishment.  MIL  Laussedat,  Cbacornac, 
and  Goldsclimidt  have  aided  me  by  their  advice,  and  have 
communicated  to  me  then*  obseiTations, 

Nor  is  this  alL  I  have  largely  placed  mider  contribution  all 
the  ancient  and  mudern  publications  on  Asti-onomy,  the  interesting 
works  of  Sdirotcr,  Laplace,  Beer  and  Madler,  the  two  Struves ; 
JIarding's  Celestial  Atlas,  and  that  constructed  by  the  illustrious 
astronomer  of  Bonn,  Argelander ;  the  special  periodical  so  full  of 
facts,  the   AntroHonmehe   NaehrkhUn    i>f  Altona,    llie   Mvhtuii\s   und 


TLll 


PRBFACE. 


Month  If/  Notices  of  the  Roy  a!  Aatronomical  Society  of  London ; 
the  works  of  Airy,  Hind,  Lord  Rosse,  and  Sir  Thomas  Maclear; 
the  publicationa  of  the  Academy  of  Sciences  of  St.  Petersburg, 
Humboldt*8  Cowios,  Arago'a  admirable  Ai<tronomy ;  and,  finally,  ^ 
all  the  precious  conunumcations  to  be  fbimd  in  the  Compter  Mendfis  | 
of  the  French  Academy  of  Sciences,  in  which  the  names  of  such 
Frenchmen  as  Arago»  Biot,  Babinet,  Faye,  and  Delaunay,  are  found 
assoeiated  wnth  those  of  all  the  samm,  memljers  of  this  great  re- 
public of  science,  who  belong  to  other  countries. 

Such  have  been  my  fellow-labourers  in  the   preparation  of  this 
book.      It  will  be  easily  understood^   that   it   was  not   a  question 
of  gathering  at   hazard   from   the    immense    coUection  of  ancient 
and    modem    works,    which    form    the    archives   of  astronomy :    it 
was  necessary  that  I  should  choose  the  most  incontested  facts,  the 
raost  recent  and  most  authentic  observations ;  that  I  should  discujsd 
and  compare  the   numbers,   which  in  Astronomy  have  such  inter 
esting    meaniiigs ;  that  I   should  often  go  over  calculations  whi' 
lead   to   them   myself:   in  one  word,   that  I   should    show  to 
public,  for  whom  the  book  has   been  written,  and  who  have 
always  the  means  of  verifjing  an  Author's  statements,  with 
respect   for  the  truth,   and  with   what  conscientious  care,  7 
acquitted  myself  of  a  work  so  attractive  to  me- 
lt  rests  with  the  reader  now,  to   say,  whether  I  have 
how  to  profit  by  these  materials,  and  whether,  like  a  paintr 
a  beautifid  land.scape,  I  have  been  able  to  portray  beauts 
grandest   of  all   scenes,    that    of  the   infinite   variety  of 
moving  in  concert  through  boundless  si>aee. 
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THE  HEAVENS. 


What  are  the  Heaveng?  Where  the  shores  of  that  limitlees  ocean; 
where  the  bottom  of  that  unfathomable  uby8S? 

What  are  those  brilliant  points — those  innimierable  starR,  which, 
never  dim,  shine  out  unceasingly  from  the  dark  profound  ?  Are  they 
so\ni  broadcast  —  orderless,  with  no  other  bond  save  that  which 
perspective  lends  to  them  ?  Or,  if*  not  immovable,  as  we  have  so  long 
imagined,  if  not  golden  nails  fixed  to  a  crystal  vault,  whither  are 
they  bound?  And,  tinallVf  what  are  the  parts  asHi*^ncd  to  the 
Sun,  our  Earth,  and  all  the  Earths  attendant  on  the  glorious  orb  of 
day,  in  this  tremendous  concert  of  celestial  spheres, — this  sublime 
harmony  of  the  Universe  P 

These  are  magnificent  problems,  of  which  the  most  fertile  imagi- 
nation would  have  in  vain  attempted  the  solution,  if»  for  the  greater 
glory  of  the  himian  mind,  Astronomy »^ — first-boni  of  the  seienres,— 
had  not  at  length  come  to  our  aid. 

How  wonderful  is  the  jiower  of  man !  Chaint^  down  to  the  sur- 
face of  the  Earth,  an  intelligent  atom  on  a  grain  of  sand  lost  in  the 
immensity  of  space,  he  invents  instruments  which  multiply  a  thou- 
sandfold his  vision,  he  sounds  the  depths  of  the  ether,  gauges  the 
visible  universe,  and  coimts  the  myriads  of  stars  which  people  it ; 
next,  studying  their  most  complicated  movements,  he  measures 
exactly  their  dimensions  and  the  distances  of  the  nearest  of  them 
from  the  Earth,  and  next  deduces  their  masses,  then,  discovering  in 
the  seeming  disorder  of  the  stellar  groupings  real  bonds  of  union, 
he  at  last  evolves  order  from  apparent  confusion. 

Nor  is  this  all.  Rising  by  a  supreme  flight  of  thought  to  the 
most  abstract  speculations,  he  discovers  the  laws  which  regulate  all 
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celestial  movements,  and  defines  the  nature  of  the  universal  force 
which  sustains  the  worlds. 

Such  are  the  fruits  of  the  unceasing  labours  of  twenty  generations 
of  Astronomers.  Such  the  result  of  the  genius  and  of  the  patient 
perseverance  of  men  who  have  devoted  themselves  for  two  thousand 
years  to  the  study  of  the  phenomena  of  the  Heavens.  The  Chaldean 
shepherds  were,  they  say,  the  first  astronomers.  We  can  well  believe 
it.  Dwelling  in  the  midst  of  vast  plains,  where  the  mildness  of  the 
seasons  permitted  them  to  pass  the  night  in  the  open  air,  where  the 
clear  sky  unfolded  before  them  perpetually  the  most  glorious  scenes, 
they  ought  to  have  been,  and  they  were,  contemplative  astronomers. 
And  all  of  us  woidd  be  what  they  were,  did  not  the  rigour  of  our 
climate  and  our  variable  atmosphere  so  often  prevent  us  observing 
the  Heavens ;  and  did  not,  moreover,  the  turmoil  and  cares  of  civilised 
life  deprive  us  of  the  necessary  leisure. 

Nothing  is  more  fitted  to  elevate  the  mind  towards  the  infinite 
than  the  pensive  contemplation  of  the  starry  vaidt  in  the  silent  calm 
of  night.  A  thousand  fires  sparkle  in  all  parts  of  the  sombre  azure 
of  the  sky.  Varied  in  colour  and  brilliancy,  some  shine  with  a  vivid 
light,  perpetually  changing  and  twinkling;  others,  again,  with  a 
more  constant  one — more  tranquil  and  soft;  while  very  many  only 
send  us  their  rays  intermittently,  as  if  they  could  scarce  pierce  the 
profundity  of  space. 

To  enjoy  this  spectacle  in  all  its  magnificence,  a  night  must  be 
chosen  when  the  atmosphere  is  perfectly  pure  and  transparent — one 
neither  illuminated  by  the  Moon,  nor  by  the  glimmer  of  twilight  or 
of  dawn.  The  heavens  then  resemble  an  immense  sea,  the  broad 
expanse  of  which  glitters  with  gold  dust  or  diamonds. 

In  presence  of  such  splendour,  the  senses,  mind,  and  imagination^ 
are  alike  enthralled.  The  impression  gathered  is  an  emotion  at 
once  profound  and  religious,  an  undefinable  mixture  of  admiration, 
and  of  calm  and  tender  melancholy.  It  seems  as  if  these  distant 
worlds,  in  shining  earthwards,  put  themselves  in  close  communication 
with  our  thoughts. 

But  Sentiment  has  but  one  part  in  this  emotion,  and  soon 
Intelligence  asserts  her  sway.  It  asks  how  these  myriads  of  stars, 
scattered  here  and  there,  can  reveal  to  those  who  have  studied  them 
the  structure  of  the  universe ;  by  what  method  they  have  succeeded 
in  distinguishing  them,  in  calculating  their  distances,  and  deter- 
mining their  movements.  Further  on,  we  shall  attempt  to  give  an 
idea  of  the  manner  in  which  these  interesting  problems  have  been 
solved :  at  pi'esent,  and  before  entering  into  a  more  detailed  description, 
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we  shall  endearour  to  sketch  \*^th  a  free  hand  the  ptmoraniu  oi'  tlio 
Universe. 

At  a  first  glance  at  the  stiiTry  firmament  the  stars  seem  pretty 
regularly  distributed ;  nevertheless,  locjk  at  that  whitish,  undec^ided, 
vapjury  glimmer  which  girdles  the  henvens  as  with  a  belt.  It  ifi  the 
Milky  Way.*  Ab  we  approach  the  borders  of  this  star-cloud  in  our 
inspection,  the  stars  appear  more  and  more  crowded  together,  and  most 
of  them  so  small  that  the  eye  can  scarcely  distinguish  them.  The 
accumulation  of  stars  in  the  direction  of  the  Milky  Way  is  more 
especially  visible  when  we  examine  the  heavens  with  the  aid  of  a 
powerful  telescope. 

The  Milky  Way  itself  is  nothing  more  than  an  immensely  ex- 
tended zone  of  stars,  that  is,  of  suns ;  since,  as  we  know,  and  as  we 
shall  explain  in  the  sequel,  each  star,  from  the  most  brilliant  to  the 
faintest,  is  a  sun. 

Here,  then,  is  an  immense  group,  a  gigantic  assemblage  of  worlds, 
which  seema  to  embrace  all  the  Universe,  if  it  be  true  that  the 
greater  number  of  the  scattered  stars  situated  out  of  the  Milky  Way, 
nevertheless  form  part  of  it»  In  reality,  this  multitude  of  millions  of 
euna  is  divided  into  numerous  and  distinct  groups,  and  those  into 
others  still  more  restrict-cd  in  number,  each  eomix>sed  of  two  or 
three  suns. 

What  breadth  of  space  doee  each  of  these  groups  occupy  ?  What  is 
the  measiu'e  of  the  space  which  holds  them  all  ?  Tlie  most  powei'fid 
imagination  in  vain  attempts  to  answer  these  questions  intelligibly  ; 
here  numbers  fail  us* 

Let  us  add — without  comment  in  this  place,  as  we  shall  return 
to  it, — a  fact  well  proved,  and  one  which  will  seem  strange  to  many;  — 

Our  Sun  himself  is  a  star  of  the  Milky  Way, 


The  foregoing,  however,  is  but  a  first  sketch  of  the  structure  of 
the  visible  Universe. 

In  examining  attentively  every  part  of  the  starry  vault,  a  keen 
eye  perceives  here  and  there  whitish  spots  resembling  little  clouds. 
One  would  say  they  were  so  many  patches  detached  frona  the  Milky 
Way,  from  which,  however,  they  are  often  very  distinct  and  very 
distant.  The  telescope  discovers  by  thousands  these  cloud-patches, 
these— to  give  them  their  astronomical  name— iY*'6«/<P. 

[It  was  formerly  imagined,  that  each  of  these  star-clouds  was 

*  Via  Lacua.  It  is  also  called  the  Galaxy,  from  y«x«|Mt,  the  Greek  word  for 
the  same  thing, 
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nothing  more  than  an  accumulation  of  stars,  very  close  together,  and 
very  numerous — so  many  Milky  Ways  lying  outside  our  own,  and  for 
the  most  part  so  distant  that  the  most  powerM  instruments  were  able 
only  to  distinguish  a  confiised  glimmering.  One  of  the  most  im- 
portant observations  of  modem  times,  however,  has  shown,  that  many 
of  these  nebulaD,  including  the  most  glorious  one  in  our  northern 
hemisphere, — that  in  the  sword-handle  of  Orion, —  are  but  masses 
of  glowing  gases. 

Others,  again,  of  these  cloud-like  masses — cloud-like  by  reason 
of  their  distance — show  us,  faintly  shining  on  a  back-groimd  of 
apparent  nebulae,  brilliant  stars,  larger  no  doubt,  or  more  brilliant 
than  their  fellows,  and  some  of  these  objects,  called  "  Star-Clusters," 
which  are  nearest  us,  are  among  the-  most  glorious  objects  revealed 
to  us  by  our  telescopes.] 

Let  us  attempt  now  to  conceive  what  fearful  distances  separate 
these  archipelagos  of  worlds  from  our  own ! 

Unfathomable  abysses  whose  unspeakable  depths  the  most  power- 
fid  telescopes  increase  indefinitely!  Profounds,  endless,  bottomless, 
but  lit  up  by  millions  of  suns ! 

Such  appears  to  us  the  Universe  from  the  natural  observatory 
where  we  are  placed.  But  to  obtain  a  more  complete  idea  of  its  con- 
stitution, of  the  infinite  variety  of  its  members,  we  must  descend  from 
these  regions,  where  the  sight  and  mind  are  lost,  to  a  group,  nearer 
to  us,  and  therefore  more  accessible  to  the  investigations  of  man, — 
to  that  group,  or  system,  of  which  the  Earth  forms  part. 

Of  this  the  Sun  is  the  centre. 

Round  this  focus  of  light  and  heat,  but  at  various  distances,  revolve 
more  than  a  hundred  secondary  bodies, — Planets,  some  of  which  are 
accompanied  by  smaller  ones — Satellites.  Not  self-luminous,  they 
would  be  invisible  to  us,  if  the  light,  which  they  receive  from  the 
Sun,  were  not  reflected  towards  the  Earth,  making  them  also  appear 
as  luminous  points  spread  over  the  celestial  vault  like  so  many  stars. 
Such  would  be  the  appearance  of  the  Earth  seen  in  space,  at  a  dis- 
tance suflSciently  great. 

A  common  character  distinguishes  all  the  celestial  bodies  that 
form  part  of  this  group — the  Solar  System — from  the  multitude  of 
other  stars.  For  while  the  Suns,  composing  what  is  called  the 
Sidereal  Universe,  are  situated  at  distances  seemingly  infinite, 
the  bodies  composing  the  group  of  which  we  speak  are  relatively 
much  nearer  the  Earth, — ^are,  in  fact,  our  neighbours. 

What  results  from  this  double  fact?  Two  very  simple  conse- 
quences, easily  understood. 


THE  HEAVENS* 


The  first  isj  that  the  stara  do  not  undergo  any  sensible  change 
of  position  in  the  starry  vault.  Their  distance  is  such,  that  they 
appear  actually  at  rest  in  the  depths  of  apace;  hence  the  term 
M^'cd  Shirfij' — now  abandoned,  hecmise  a  minnto  and  elaborate  study 
of  their  relative  positions  has  established  the  fact  that  the  stars  really 
do  move  in  the  remote  regions  of  the  heavens.  The  apparent  im- 
mobility of  which  we  have  spoken,  and  which  is  one  of  their  charac- 
teristics, is  evidenced  by  the  uniformity  of  appearance  preserved 
for  centuries  by  the  artificial  groups  of  stars,  to  which  the  name 
of  Constellations  haa  been  given. 

Now,  it  is  otherwise  with  the  bodies  that  revolve  round  our  Sun  ; 
they  are  near  enough  to  the  Earth  to  allow  of  their  diBphicements 
in  space  being  perceived  in  short  intervals  of  time.  Travelling,  by 
virtne  of  their  proper  motions  along  the  starry  vault,  distances 
which  appear  greater  as  their  own  distance  from  us  is  hm,  these 
bodies  received  at  the  outset  the  name  they  have  since  retained — 
Pianvfs,  or  Wandering  Stars. 

It  is  thus,  that,  when  we  stand  in  the  middle  of  an  extensive 
plain,  we  judge  distant  objects — those  that  border  the  horizon — to  be 
immovable  ;  whilst  we  instantly  perceive  the  slightest  change  of  place 
in  the  near  ones.  It  is  true  that  when  we  oui'selves  move,  the  real 
movements  become  complicated  with  the  apparent  movements,  but 
the  former  must  be  distingui^shc^l,  if  we  wish  to  have  an  exact  idea  of 
the  actual  course  travelled.  This  complication  of  the  apparent  move- 
ments of  the  planets, — ^a  necessary  consequence  of  the  movement 
of  the  Earth, — is  one  of  the  most  striking  testimonies  to  the 
reality  of  the  latter  ;  but  it  must  be  also  added,  that  this  was  pre- 
cisely the  stone  of  stumbling  of  ancient  astronomy  until  the  time — 
and  that  not  long  ago — when  the  real  movements  were  made  known. 

It  will  soon  be  seen,  in  the  detailed  description  of  each  of  the 
planeta  of  the  solar  system,  what  wondcrfid  variety  reigns  wnthin  its 
limitfl.  Movements  of  rotation,  movements  of  revolution^  ai'oimd  the 
common  centre,  the  dui-ation  of  these  movements,  distances,  fonns  and 
dimensions,  distribution  of  light  and  heat ,  all  change  in  passing  ti^oni 
one  planet  to  another.  And  yet,  marvellous  thing,  the  same  laws 
govera,  all  in  such  a  way,  that  the  unity  of  plan  is  not  less  marked 
than  the  astonishing  variety  of  the  phenomena. 

One  circumstance  conmion  to  iill  the  bodies  of  the  solar  system 
forcibly  strikes  the  imagination.  It  is,  that  these  enonnouB  masses, 
— these  globes,  many  of  which  are  much  heavier  than  the  Earth,  and 
lastly,  the  Earth  itself,  not  oiJy  are  suspended  in  space,  but  move 
through  the  ether  with  velocities  truly  stupendous. 


V  THK  HEAVENS. 

Imagine  yourself  a  spectator,  standing  immoyabla  in  space*  A 
luminous  body  appears  in  the  dietancje,  little  by  little  you  see  it 
i^piofich  and  increase  in  size;  its  immense  circumference,  which 
exceeds  a  hundj-ed  thousand  leagues,  is  in  rapid  rotatiou,  which 
makes  each  point  on  its  periphery  travel  through  nine  miles  a 
seoond.  The  globe  itself  at  last  jjasses  before  you»  carriecl  through 
apace  with  a  velocity  twenty- four  times  greater  than  that  of  a 
cannon-ball.  In  such  a  way  Jupiter  would  appear  to  you  travelling 
in  ita  orbit.  This  headlong  course  would  btinish  it  for  ever,  to 
the  most  remote  regiona  of  the  visible  universe,  if  it  were  not 
subdued  and  held  by  the  powerful  attraction  of  a  globe  a  thousand 
times  larger  than  its  own — by  the  8iin  himself.  Not  only  does 
Astronomy  show,  by  imdeniable  proofs,  the  reality  of  thes^?  marveUous 
movements, — not  only  has  she  arrived  at  the  knowledge  of  their 
invariable  constancy,  at  least  during  thousands  of  centuries ;  but  she 
bus  found  in  their  verj^  rapidity  the  Ctiuse  of  the  stability  of  all  the 
celestial  bodies. 

If  there  is  difficulty  in  imagining  such  masses  freely  circulating 
in  the  ether,  how  much  more  are  we  impressed,  when  we  consider 
that  these  rapid  movements  are  not  confined  to  the  planets;  and 
when  we  look  upon  the  Sun  with  all  his  retinue,  as  moving  in  an  orbit 
yet  unknown,  himself  attracted  no  doubt  by  a  more  powerfid  Sun,  or 
by  a  group  of  Suns  !  ^Ul  the  stars  which  by  reason  of  their  infinite 
distances  appear  immovable,  move  in  different  directions ;  and  we 
shall  see  later,  that  if  these  movements  are  performed  with  extreme 
slowness,  the  slowness  is  apparent  only.  In  reality,  these  ure  the 
most  rapid  celestial  movements  that  we  know  of. 

Thousiinds  of  centuries  will  be  necessary  before  these  immense 
sidereal  voyages  are  accompli shed^  Their  vast  periods  are  to  the 
length  of  our  year,  what  the  dimensions  of  the  Earth  are  to  the 
distances  of  the  stars;  and,  acrcording  to  the  happy  expression  of 
Humboldt,  they  make  of  the  Universe  an  eternal  timekeeper*  Thus, 
in  the  contemplation  of  celestial  phenomena,  the  idea  of  infinite 
duration  impresses  itself  on  the  mind  with  the  same  irresistible  power 
OS  the  idea  of  the  infinity  of  space. 


Such  is  briefly  the  magnificent  field  explored  by  Astronomy. 

Other  natural  and  physical  sciences  teach  us  to  study  nature  in 
its  more  intimate  mysteries ;  they  unveil  to  us  the  molecular  con- 
stitution of  bodies;  the  play  of  their  combinations  and  metamor- 
phoses ;  their  thousand  useful  and  curious  properties ;  the  development 
of  organized  living  beings,  both  vegetable  and  animal,  and  even  of 
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man  himself,  one  of  whose  noblest  attributes  seems  to  be  the  gift  of 
knowing,  and  who  appears  by  the  light  of  science  as  the  most  perfect 
creation  of  the  organising  forces. 

But  it  is  Astronomy  that  reveals  to  us  the  Universe  in  its  majestic 
whole ;  it  is  she  who  has  made  us  comprehend  its  structure,  and  after 
having  gathered  its  thousand  various  elements  into  a  gorgeous  picture, 
has  initiated  us  into  the  eternal  laws  that  govern  the  Heavens. 


PART  THE  FIRST. 


THE  SOLAR  SYSTEM. 


PACT  THE  FIRST. 


THE  SOI.AK  SYSTEM. 


The  Bodies  which  form  the  Solar  Sj^stem  —  Direction  of  Movements  of  Rotation 
and  Kevolution — Inclinations  of  the  Planes  of  the  Orbits  of  llie  differout 
Planets. 


The  group  or  system  of  celestial  bodies,  of  which  the  Earth  Ibnns 
part, — a  sy stein  known  in  Astronomy  under  the  name  of  the  Solar  or 
Planetary  System,  is  composed,  according  to  our  present  knowledge, 
of  a  himdrcd  iind  twenty  bodies,  which  may  be  classed  in  the  follow- 
ing manner;  taking  into  account  at  the  mme  time,  both  the  part 
which  they  play  in  the  system,  and  the  order  of  their  distances  from 
the  Sun: 

L  A  i-enimi  bodt/,  relatively  immovable  in  the  group;  much 
larger  than  all  the  others,  and  self-luminous,  the  Sun  ; 

2.  Nindy-iivo  seeomlm-p  bodies^  or  Fittuefs,  situated  at  increasing  dis- 
tuices  from  the  Sun  ;  revoh^g  round  him  in  orbits  nearly  circular ; 
and  receiving  from  him  the  light  which  renders  them  visible  to  us. 
The  planets  may  again  be  divided  into  three  principal  gi^oups : 

The  smaller  planets,  those  nearest  t^  the  central  body,  are,   in 

the  order  of  their  inercasing  distunces  from  the  Sun :  Mek- 

cuRY,  Venus,  thk  Earth,  llAJts; 
The  larger  pkmets,  those  most  remote  from   the  central  body : 

Jupiter,  Satukx,  Uuani  s,  Neptune  ; 
Lastly,  the  minor  planets,  or  Asteroids,  forming  between  Mars  and 

Jupiter  a  ring,  wliich  separates  the  two  fii'st  groups ; 
Eighty-four  small  planets  are  now  known,  but  they  are,  no  doubt, 
much  more  numerous ; 

3.  Eighteen  tvrtiary  bodie^y  or  Satellites^  i-evolving  round  some  ol 
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the  principal  planets;  such  as  the  Moon,  which  accompanies  the 
.  Earth.  Jupiter  has  four  such  satellites ;  Saturn,  eight ;  Uranus,  four ; 
Neptune,  one ; 

4.  Nine  ConietSj  the  periodical  returns  of  which  have  been 
proved  by  observation,  revolving  round  the  Sun  in  very  elongated 
orbits. 

Independently  of  the  hundred  and  twenty  bodies  which  we 
have  just  enumerated,  two  hundred  other  comets  are  known, 
some  of  which  travel  round  the  Sun  in  orbits  so  elongated,  and  in 
times  so  vast,  that  their  return  has  not  yet  been  proved  by  obser- 
vation, although  it  has  been  approximately  calculated.  Others 
describe  curves  which  may  be  called  infinite,  and  after  having  once 
approached  our  group,  have  abandoned  it  perhaps  for  ever.  A  year 
never  passes  without  new  comets  being  discovered. 

We  must  here  also  mention  a  nebulous  ring  of  a  lenticular  form, 
the  Zodiacal  Light,  which  surrounds  the  Sun  at  a  certain  distance,  and 
the  position  of  which  in  the  system  is  not  yet  clearly  determined ; 
and,  besides  this,  one  or  two  or  even  more  rings  composed  of  a  mul- 
titude of  small  bodies,  revealed  to  us  by  the  appearance  and  fidl  of 
Meteorites,  Meteors,  and  Falling  or  Shooting  Stars. 

The  Sun,  the  planets  and  their  satellites,  all  assume  a  sphe- 
rical form,  sometimes  flattened  at  the  extremities  of  one  diameter. 
In  the  more  important  of  those  bodies,  movements  of  rotation  have 
been  detected ;  these  movements  all  take  place  in  the  same  direction 
as  that  of  the  Earth.  Astronomers,  by  an  analogy  based  on  the  laws 
of  mechanics,  extend  this  movement  of  rotation  to  all  the  bodies,  which 
have  hitherto  baffled  our  scrutiny  in  this  particular.  A  second 
movement,  which  we  call  one  of  revoluticfa  or  of  translation,  impels 
all  the  planets  round  the  Sun,  and  all  the  satellites  round  their 
respective  planets,  in  times  which  vary  with  the  dimensions  of  the 
orbits  described,  by  virtue  of  a  remarkable  law,  the  discovery  of 
which  we  owe  to  the  genius  of  Kepler.* 

The  direction  of  the  movement  of  revolution  is  the  same  for  all 
the  bodies  of  the  solar  system,!  and  this  direction  is  precisely  that  of 
all  the  movements  of  rotation.  In  order  that  the  reader  may  grasp 
this  important  point,  let  him  turn  to  Plate  I.,  which  represents  the 


*  The  law,  which  defines  the  movement  of  all  celestial  bodies,  is  refen'ed  to 
in  Part  III.,  Book  i. 

t  We  must  except,  however,  the  satellites  of  Uranus,  one  of  the  seven  peri- 
odical comets,  and  a  great  number  of  other  comets. 
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orbits  of  all  the  known  planets.*  The  arrow  in  each  cxise  indicates 
the  direction  of  the  planet's  revolution  round  the  Sun,  Now  let  us 
8uppo8e  an  observer,  placed  in  the  centre  of  the  diagram  in  such  a 
wtiy*  that  his  feet  resting  on  the  plane  of  the  paper,  his  head  will  he  in 
the  northern  hemisphere  of  the  heavens.  In  this  position,  it  is  easy 
to  see  that  the  movcraent  indicated  by  the  arrow  will  take  place  from 
the  right  to  the  left  of  the  observer.  Such  is  the  direction  of  the 
movements  of  revolution  of  the  planetary  bodies. 

Let  us  now  compare  this  movement  to  the  movement  of  rotation 
of  the  Earth  on  its  axis.  The  centre  of  our  planet  is  situated  on  the 
plane ;  the  north  pole  is  above  it,  and  the  south  below  it,  in  such  a 
manner,  that  the  terrestrial  rotation  which  takes  place  ^ — as  proved  by 
the  daily  movement  of  the  heavens ^ — from  west  to  cast,  is  also  to  tlie 
obsen^er  a  movement  from  the  right  towanrls  the  left.  If  the  name 
of  north  pole  is  given  to  that  pole  of  each  of  the  other  planets, 
which  is  situated  abcjve  the  plane  of  which  we  speak,  observation 
shows  that  it  is  always  from  right  to  left,  or  from  west  to  east,  that 
these  planets  describe  both  their  movements  of  rotation,  and  their 
movements  of  translation,  round  the  Sun* 

It  is  very  evident,  that  if  we  had  supposed  the  observer  standing 
on  the  other  side  of  the  paper,  with  his  head  towards  the  south  pole 
of  the  heavens,  all  the  movements  would  have  seemed  inverted ; 
that  is  to  say,  would  take  place  from  left  to  right,  although  they 
would  still  remain  the  same,  from  the  point  of  view  which  we  occupy.* 
So  let  us  remember,  once  for  all,  this  fundamental  fact  of  solar  astro- 
nomy, that  the  movements,  bcjth  of  rutatiun  and  of  revolution,  of  the 
planets  and  their  satellites,  are  effected  all  in  the  same  direction, 
that  is,  from  right  to  left  or  from  west  io  east. 

The  ideal  curves  described  by  the  various  planets  around  the 
Sun,  considered  at  rest,  are  plain  curves,  or  at  least  nearly  so.  Hub 
is  nearly  the  same  as  saying,  that  the  centre  of  each  planetary  glol>e 
in  its  movement  around   the   central  body,   remaine  always  in  the 


*  In  this  Plate  the  orbits  of  the  planets  have  been  represented  by  the 
circurofereaces  of  circles,  althotigh  in  reality  tbcy  are  of  aa  elliptical  or  i>val  form. 
Nor  is  tho  Sun,  us  represented  in  the  figure,  exactly  in  tlic  centre  of  each  orlnt  ; 
but  it  would  have  been  difficult,  not  to  say  impoaaible,  to  render  these  differ- 
ences appreciable  on  so  small  a  scidc. 

That  which  it  is  absolutely  necessary  to  show  correctly  in  this  rei)rcsentation 
of  the  Solar  System  are  the  relative  distances  of  the  dilfbrcnt  plancta  from 
the  common  focus.  The  illastration  represents  the  dimensions  of  the  orbits  in 
their  true  proportion,  with  the  exception  of  the  orbits  ofthe  satellites,  the  dimen- 
sions of  which  have  been  necessarily  enlarged.  The  positions  of  the  j>lanets  are 
those  which  these  bodies  actually  occupied  in  space  on  the  1st  of  January,  186.S, 
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plane.  This  plane,  if  prolonged,  passes  through  the  centre  of 
the  Son.  But  the  planes  of  these  orbits  do  not  coincide  with  one 
another,  they  are  differently  inclined  to  that  of  the  Earth  taken 
as  a  standard  of  comparison ;  from  this  it  results,  that  each  planet 
describes  half  its  orbit  above  the  plane  of  the  terrestrial  orbit,  or,  as 
it  is  called,  the  plane  of  the  ecliptic^  and  the  other  half  below  it. 

The  inclinations,  represented  in  their  true  proportions  in  fig.  2  of 
the  Plate  we  have  mentioned,  are,  moreover,  very  small,  audit  follows 
that  as  seen  from  the  Earth,  the  principal  planets  revolve  in  a  narrow 
zone  of  the  celestial  vault;  this  has  received  the  name  of  the 
Zodiac. 

The  solar  system  seen  in  section,  or  in  profile  so  to  speak,  would 
appear  therefore,  to  an  observer  situated  at  a  great  distance  beyond 
its  limits,  as  a  group  of  elongated  form,  having  in  its  centre  a  lumi- 
nous point,  the  Sun,  and  on  both  sides  of  it,  a  multitude  of  small 
stars  of  unequal  brightness — the  planets  and  their  satellites,  oscilla- 
ting backwards  and  forwards  in  paths  nearly  rectilinear. 

After  having  sketched  that  entire  group  of  celestial  bodies,  which 
interests  us  the  most,  seeing  that  our  globe  is  one  of  its  constituent 
molecules,  we  will  now  describe  the  members  of  the  group  one  by 
one,  study  their  movements,  and,  by  the  aid  of  facts  Aimished  by 
the  persevering  observations  of  modem  astronomers,  examine  them, 
when  possible,  in  their  most  minute  detail. 

We  will  begin  with  the  Sun. 


BOOK  THE  FIRST. 


THE  SUN. 


Of  all  the  stars  which  people  the  immeiisity  of  space,  the  Sun  is  the 
most  interesting  to  us  the  inhabitants  of  the  Earth. 

It  is  at  once  the  largest,  at  least  in  appearance,  the  most  bril- 
liant, and  that  which  exercises  over  our  globe  the  most  dominant 
influence. 

The  centre  of  the  movements  of  all  the  celestial  bodies  of  the 
system,  of  all  those  which  are  in  fact  our  neighbours,  he  is  to  them 
and  to  us  the  inexhaustible  source  of  light,  heat,  and  life.  It  is  from 
him  that  all  the  energies,  developed  on  the  surface  of  the  Earth  or  on 
the  other  planets, — energies  manifested  imder  so  many  various  forms 
— incessantly  flow  without  ever  draining  their  source. 

[And  yet  aU  the  action  on  this  our  Earth  is  carried  on  by  the 
two  hundred  and  thirty  millionth  part  of  the  force  radiated  by  the 
Sun  ;  for  that  is  all  the  Earth  can  grasp,  as  it  were,  of  his  rays  given 
out  in  all  directions,  and  it  is  by  this  fraetion  of  his  mighty  power 
that  all  the  Earth's  work  is  done.] 

Lastly,  the  Sun  would  seem  to  be  the  common  father  of  the 
whole  family  of  bodies  that  gravitate  round  him,  and  which  he  holds 
in  hand  by  his  powerful  attraction.  It  is  from  him  that  at  epochs 
immensely  distant  from  ours,  have  been  thrown  out  successively,  at 
first  under  the  form  of  nebulous  rings,  those  agglomerations  of  matter 
which  have  become  in  the  end,  by  a  natural  concentration,  nearly 
spherical  globes;  Jupiter,  Saturn,  Mars,  the  Earth,  Venus,  are  so 
many  children  of  the  Sun.  The  part  played  by  the  Sun  in  the  group, 
of  which  he  is  the  centre,  we  have  already  stated.     Farther  on,  we 
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shall  see  how  he  figures  in  the  Sidereal  Universe ;  and  we  shall  find 
him  midst  the  millions  of  stars  which  form  the  Milky  Way. 

Our  present  object  is  to  study  his  indiWduality,  to  measure  his 
apparent  and  real  dimensions,  to  study  the  physics  of  his  surface, 
and  his  movement  of  rotation,  and  to  dwluce  from  all  the  fact« 
gathered  by  the  most  able  and  distinguished  observers,  the  structure 
of  this  tremendous  star,  and  the  most  probable  conjectures  as  to  it« 
physical  constitution. 


/ 
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Form  and  apparent  Size  of  the  Sun — Its  Distant  from  tlie  Earth,  and   ren\ 
Hhe — I tg  Surface,  Volmac,  Masa,  aiid  Weight. 


As  every  one  knows,  the  naked  eye  cannot  bear  the  brightne&s  of  the 
8un,  If  or  can  this  be  wondered  at,  if  we  remember  that  the  intensity 
of  its  light  m  aeen  from  the  Earth,  aa  eight  him* bed  thousand  timeft 
greater  than  that  of  the  full  Moon,  or  twenty-two  thousand  million 
timea  that  of  the  most  brilliant  8tar.' J  To  obtain,  therefore,  a  elear  idea 
of  its  foraij  we  must  take  advantage  of  oppoii unities  when  clouds, 
or,  better  atill,  dense  fogs,  interpose  themselves  between  the  eye  and 
ita  ratliant  l)ody.  The  use  of  telescopes  would  he  still  more  dangernus 
than  that  of  the  unaided  eight,  if  observers  did  not  tuke  the  precau- 
tion to  use  dark  or  coloured  glasses  to  shield  the  eye,  inasmuch  a« 
lenses  and  reflectors  concentrate  to  their /or/  a  considerable  quantity  of 
light-  and  heat-rays.  The  eye  would  be  dazzled,  or  even  utterly 
destroyed,  without  this  indispensable  precaution*! 

A  first  rough  glance  shows  us  that  the  disk  of  the  Sun  is  circular. 
But  the  use  of  accui-^ate  instnimenta  leaves  not  the  least  doubt  in 
this  respect,  and  numerous  micrometric  J  mea-surements  have  proved 
that  all  the  diameters  of  the  disk  are  exactly  equuL  The  Sun  ha» 
then  the  appearance  of  a  perfect  luminous  circle,  and  as  it  is  not  less 

*  [There  iS|  however,  to  judge  from  the  different  results  obtained  })y  diflTereni 
physicists,  some  nnccitfiinty  attachuig  to  these  nuinl>ers»  The  coiapar.ntive 
brightness  of  the  Sua  to  Vega  in  Lyra,  aa  given  by  difieretit  ol>serveia,  is  ii» 
follows : — 

Bond    .     .    24,0(>0,0<XV*00  ito  L 
Clark    ,     ,    10,4(X),oao,0<X)j 

The  intrinsic  light  of  the  Sun  is  another  matter ;  lie  would  rfally  iip^iear 
U'SH  l>rig!it  thtiii  «  Centaiiri,  if  we  could  see  l»iith  at  the  same  distance.] 

tin  our  t'luajiteF  on  Astronomical  Instruments  in  Part  111,  we  .sludl  descriljc 
the  various  methods  of  solar  obseir-ation  by  which  these  ohjections  are  avoided. 

t  That  is  to  say^  made  with  micrometers  ^ — iiistrumcuta  which  sen-e  la 
measure  very  small  objects  and  8niall  angles,  of  which  more  anon  in  Part  III* 
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certain  that  it  turns  on  an  axis,  and  therefore  successively  presents 
different  faces  to  us,  we  can  only  conclude  that  its  form  is  in  reality 
that  of  a  perfect  sphere  without  any  trace  of  irregularity  or  flattening. 

In  the  morning  when  the  8un  rises,  or  in  the  eTcning  a  little 
time  before  its  setting,  if  the  atmosphere  be  rather  misty,  the  solar 
disk  may  often  be  observed  with  the  naked  eye  :  it  then  appears  to  be 
larger  than  usual,  and  its  contom*  differs  sensibly  from  that  of  a  circle. 
But  these  are  illusions,  the  causes  of  which  we  will  try  afterwards  to 
explain. 

The  apparent  dimensions  of  the  Sun  do  not  remain  the  same 
throughout  the  course  of  a  year.  The  average  size  is  such,  that 
three  hundred  and  sixty  disks  equal  to  its  own,  placed  side  by  side, 
would  cover  a  half-circle  of  the  celestial  vault  i  its  avenige  diameter 
being  about  half  a  degree.*  But  in  winter  it  appears  larger  than 
in  summer,  at  leaat  to  the  inhabitants  of  the  northern  heminphere  of 
the  Earth.  In  the  southern  hemisphere  it  seems  larger  in  summer 
than  in  winter,  because,  of  course,  our  winter  is  their  summer.  This 
change  of  size  muat  not  be  attributed  to  a  real  change  in  the 
dimensions  of  the  Sun.  It  is  easily  explained  when  we  know  that 
the  annual  revolution  of  the  Earth  round  the  centi-al  body  is  effected 
in  a  curv^ed  path»  of  which  the  Sun  does  not  occupy  exactly  the 
centre.  The  distance  of  the  two  bodies  varies  therefore  from  one 
day  to  another,  and  it  is  towai*ds  the  first  days  of  winter  in  our 
northern  hemisphere  that  the  Eaiih  is  at  its  leawt  distance  from  the 
Sun.  The  different  sizes  of  the  solar  disk,  as  seen  from  the  Earth 
when  at  its  least,  mean  and  greatest  distances  from  it,  are  shown 
in  the  following  diagram  • — 


Itti  Jftniuuy. 


U%  October. 


1  at  July* 


¥\g.  1. — ^Appurent  dliuettsloni  of  lh«  solar  dlik  at  llio  Kortb'A  extreme  aiid  mean  clSi(Un<»oa.t 

*  It  is  usual  iu  g€»metry  to  divide  the  circumference  of  the  circle  into  360 
equal  parts,  each  of  which  i;^  called  a  degree,  ami  is  represented  thus:  l°*  Each 
degree  is  t*iibdivided  into  fiO  minutes,  and  each  minute  into  60  seconds  :  a  minute 
is  written  V  ;  and  a  seconrl,  1", 

f  If  we  represent  the  hi  mi  nous  surface  of  the  Sun  by  1000  at  its  mean 
diatanco  from  the  Earth,  the  numbers  940  and  1072  will  represent  the  aame 
surface  as  it  appears  to  tis  at  the  Sun's  greatest  distance  in  July,  and  at  its  least 
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wUdk  wmMcoavey  no  detinite  idtn  to  tho  reader,  we  have  included 

ni   die  muam    diagram    (tig.  2)    tbe  (MiTtiparattve   nizes  of  the   Sun 

am  mem  from  eaeh  of  tho  prineipal  pUuiets  at   their  mean  djjstance. 

B«t  it  must  not  be  forgotten,  that   if  the  apparent  size  varies,  the 

iiitiiiMii'  intoisity  of  tlie  light  remains  the  same,  of  course  lea^^ng 

oal  of  conaideTation  al»ftorption  by  the  phiiietary  atniospheres,  of  the 

power  of  which  nothing  precipe  is  yet  known.     The  quantity  of  light 

or  of  Iiest  received  by  a  planet  depends   upon   the   ext^^ot   of  the 

appareot  mirfhce  of  the  milar  di^k. 

From  ilercitry,  the  planet  nearest  the  Sun,  this  liody  is  seen  with 

it«  greatest  apparent  dimensions ;  from  Neptune,  on  the  contrary,  with 

its  smallest,     Tho  luminous  nm-face  aij]K?ar8  6(i70  times  hirger  from 

the  former  of  these  phinetK  tliitn  from  the  latter,  situuttHl,  as  we  know, 

on  the  confines  of  our  system*     When  we  come  to  study  the  physical 

constitution  of  these  bodies,  we  shall  return  to  the  quantities  of  light 

and   heat  with  which  the  solar  etiulgence  kithes  the  surface  of  the 

planeta*     We  need  only  say  hero,  that,  if  to  the  inhabitants  of  the 

Earth,  the  disk  of  tho  Sun  presents  an  apparent  surface  seven  times 

lens  than  that  sec^n  imin  Mercury,  if,  in  Neptune  this  surface  is  further 

reducefl  a  thousand  times,  it  still  preserves,  as  seen  from  this  last 

globe,  a  brill iaiu-y  superior  to  that  of  all  the  iKxlies,  whether  phmets 

or  stars,  that  we  on  the  Earth  see  iu  the  heavens,  allhough  at  this 

distance  the  immense  luminary  would  appear  but  as  a  point,  lost 

amid  the  innumerable  fires  of  the  starrv  vault. 

/ 

The  apparent  size  of  an  objec^t — in  other  words,  the  angle  formed 
by  the  visual  rays  coming  from  its  two  extremities  to  our  eye — 
teaches  us,  however,  nothing  of  its  naf  size,  so  long  as  we  are  igno- 
rant of  its  distance  from  us, 

"WTiat  is,  then,  the  distance  of  the  Sun  from  the  Earth  and  from 
the  other  biMlies  of  our  planetary  system  p 

Let  us  take,  first,  the  distance  of  the  Earth  from  the  Sun,  without 
c<msidering  for  the  present  the  particular  methods  employed  to  deter- 
mine it. 

This  distance  is  95,298,260  miles,*  equal  to  24,000  (more  pre- 
cisely to  2^^,984)  semi-dioraeters  of  our  planet.  It  was  about  the 
middle  of  the  last  centuj^^  that  this  determination  was  arrived  at. 

*  It  is  certain  that  the  distance  of  the  Suu  from  the  Earth  tis  stated  above 
requires  to  be  considerably  diai in ished.  ^  The  labtntrs  of  Lc  Vcrrier  and  Hanseni 
the  observations  of  Mars  made  by  Stone  and  Winneckc,  the  new  determiaation  of 
the  velocity  of  light  bj  L6oii  Foucault,  all  point  to  the  necessity  for  this  correc- 
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Very  different  from  the  distaiiee  just  gixcn  wus  I  hat  adapted 
hypotheticulJy  by  Pythagoras,  Thi8  philoRJpher,  whn  held  ideus  of 
the  systeni  of"  the  world  so  siTiiilar  to  tliose  which  u  long  series  of 
labour  hua  dehiiitcly  estiihlished,  assigned  44,U*)0  miles  im  uiir  dis- 
tance from  the  body,  which  warrus  and  lights  us,  a  distance  which 
wonld  give  an  its  dfumeter  75  miles.  Bearing  these  figures  in  mind, 
we  can  understand  the  ani-ient  assertion  which,  i>erhaps,  would  stiD 
astonish  many  of  us,  that  the  Sun  is  larger  than  the  Pelopi^nneHus,* 

The  very  large  numbers,  which  are  so  often  met  with  in  AstranoinvT 
leave  for  the  most  part  oidy  a  very  \'ague  iiiipres*<ion  on  the  mind. 
It  18  difficult  for  the  imagination  to  figure  the  objects   that   they 

tioi],  which  will  entail  a  sertcst  of  modificatiotis  lii  the  numbers  at  present  adoptetl 
lor  thu  various  elements  uf  the  solar  system. 

[Tlie  oM  value  and  the  new  value  of  the  8ua's  parallax  (a  word  we  aball  sub- 
eequently  explain),  recently  obtoiiied,  ai*o  as  Mluwa  ; — 

«*578 
Ml  6 

8-930 
8'8G0 


The  old  value  obtained  by  liesael  from  the  transit  of  Venus  . 

The  new  value  obtained  by  Hansea  frtim  the  Moaii's  pandlat-tic  e<]uatioii 
„  ^,  „  Win  neck  e  from  the  observations  of  Mars 

„  „  t,  Stone   .,,,.,.. 

,t  »  »  Foiicault,  from  tlie  velocity  of  light     , 

„  „  ,,  Leverrier^  from  the  motions  of  ^iars,  Veuus, 

and  the  Moon         ..... 
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Tills  small  correction,  amounting  to  only  two-fiftha  of  a  second  of  arc,  brought 
to  light  in  the  first  instance  by  small  disturbances  in  the  motion  of  Hie  Moon  aad 
planets,  should,  it  hits  been  well  remarked,  inspire  astronomers  with  additional 
confidence  (if  that  were  needed)  in  the  exactness  of  their  science  aad  iu  the  fixed- 
oesa  of  the  laws  which  bind  the  Kosmos  together.  And  if,  on  the 'other  hjirid,  a 
contrary  misgiving  is  created  in  other  minds  from  the  fiict,  that  this  abrupt  altera- 
tion of  so  important  an  element  as  the  solar  parallax  implies  an  alteration  of  some 
four  millions  of  miles  in  the  Sun's  reputed  distance  from  our  Earth,  this  mis- 
giving may,  perhaps,  be  removed  by  tho  eoasiduratiou  that  after  all  this 
improvement  of  our  knowledge  amounts  to  no  more  than  a  correction  to  an 
observed  angle  represented  by  the  appareut  breadth  of  a.  huuiau  hair  viewed  at 
the  distance  of  about  125  feet.] 

*  Before  1769,  astronomers  had  endeavoured  to  determine  the  distance  of  the 
Sun  in  various  ways.  Aristarchus  of  Sanios,  and  afterwards  Holemy,  Copemi' 
ciia,  and  Tycho,  supjioBed  it  equal  to  1200  radii  of  the  Earth,  nearly  4,800,000  miles, 
that  is  to  say,  twenty  times  less  than  the  actual  distance.  Kepler  tripled  this 
number,  Cassini  and  Lacaille  approached  the  oearest  to  the  truth.  According  to 
D'Alembert,  the  latter  of  these  savanin  valued  the  distance  in  question  at  21,000 
terrestrial  radii  ;  Cassini  at  28,000.  The  same  author  again  quotes  a  distance  of 
12,000  diameters  of  the  Earth,  wbich  is  precisely  that  now  adopted  ;  but  he  docs 
not  give  the  name  of  the  astronomer  who  arrived  at  this  estimate.  Arago, 
in  bis  **  Popular  Astronomy,"  alludes  to  the  measures  of  RiccioH  and  Ueveliua, 
giving  7i)0Q  and  5200  terrestrial  radii  respectively  ;  lastly^  thr>8e  of  Richer  and 
Jlaraldi,  deduced  from  oppositions  of  Mars,  fixed  the  mean  distance  of  the  Sun 
at  21,712,  and  at  20,626  teiTeatriaJ  radii. 
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represent ;  and  where  it  is  u  question  even  of  moderate  distunccs,  it 
is  only  by  the  aid  of  comparisons  that  wc  can  arrive  at  any  precise 
idea.  If  these  distances  are  greater  than  those  which  we  can  actually 
see  on  a  terrestrial  horizon,  say  than  25  or  50  miles,  the  image 
properly  so  called  vanishes,  and  we  are  comixjlled  to  have  recourse 
to  other  means  of  representation ;  for  example,  we  usk  how  much 
time  a  locomotive,  going  at  a  known  rate,  will  require  to  traverse 
the  given  distance.  Tlie  idea  of  duration  comes  then  in  aid  of  that 
of  space  to  com])lete  and  perfect  it. 

Let  us  see  with  what  exactness  we  can  by  this  means  form  a 
conception  of  the  distance  which  sejKirates  the  Earth  from  the  Sun. 

Light — the  propagation  of  which  is  the  most  rjipid  movement 
known,  and  which  travels  at  the  rat<3  of  192,000  miles  in  a  second 
of  time — requires  8  minutes  17  seconds  to  flash  from  the  Sun  to 
the  Earth.  If  we  suppose  the  intervening  space  to  contain  atmos- 
pheric air,  a  sound,  ^^-ith  an  intensity  sufficiently  great  to  put  in 
motion  a  sphere  of  such  enormous  dimensions,  would  take  fourteen 
years  and  two  months  to  reach  our  ears,  sound  travelling,  as  we  know, 
about  1115  feet  a  second. 

Finally,  an  express  train  going  at  the  rate  of  about  30  miles 
an  hour,  leaving  the  Earth  the  Ist  of  Januarj',  18G6,  would  not 
arrive  at  the  Sun  until  the  year  2213,  nearly  347  years  after  the  day 
of  its  departure. 

We  can  thus  fonn  an  idea  of  the  immensity  of  the  chasm  which 
lies  between  the  Sun  and  our  globe, — an  immensity,  the  measure  of 
which  is  expressed  by  the  round  number,  so  simple  in  appearance,  of 
95,000,000  miles.  It  is  this  number— this  95,000,000  miles— 
which  will  henceforth  form  the  unit,  the  "  standard  measure,"  by 
means  of  which  the  other  celestial  distances  will  be  expressed. 

The  distance  of  the  Sun  once  known,  we  have  only  to  solve  an 
easy  problem  in  geometry,  to  deduce  its  real  dimensions  from  the 
aj^parent  size  of  its  disk.*     We  thus  know  that  its  diameter  is  about 

*  This  problem  is  so  simple,  in  fact,  that  we  caunot  resist  the  temptation  of 
proviug  our  assertion.  Take  a  disk  of  white  pasteboard,  say  of  about  four  inches 
(the  French  equivalents  are  given  in  the  figure)  hi  diameter,  place  it  vertically 


'< lu-.oa ♦r 
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Fig  y.    Piincnsioiii^  ol"  the  sjiiu  rcdutci  fi 'jiu  its  riifcHtiuc  an«l  iti,  api-.ucjit  *lfcuneUr. 
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112  times  (112*06)  the  diameter  of  the  Eurth,  or,  ae  it  may  be  ex- 
pressed in  miles,  887,076.  The  ciremnference  of  our  great  light- 
giver,  therefore,  excet^ds  2,785,400  miles. 

The  Moon,  as  we  slmll  see  in  the  sequel,  revolves  round  the  Earth 
lit  a  mean  distanee  of  30  diameters  of  our  Earth,  If,  then,  we 
imagine  the  centre  of  the  solar  orb  to  coincide  with  the  centre  of  the 
Earth,  not  only  would  the  orbit  of  the  Moon  lie  entirely  within 
the  Sun,  but  to  reach  its  surface,  a  distance  equal  to  26  Earth- dia- 
meters would  Htill  remain  to  be  traversed.  Fig.  4,  drawn  to  scale, 
will  show  this  clearly. 

0r         iimh 


Moonf 


\ 


°  Earth 


/ 


Pig.  4.^CQCnparfttiT«  i 


I  of  the  Sun  and  of  tfao  orbit  of  tlie  Muod. 


Sc>  much,  then,  for  the  linear  dimensions  of  our  Sun. 
If  wo  ask  what  is  the  extent  of  the  Sun's  surface,  and  what  its 
volume,   we  find    that  the    first  comprises    the    enormous   number 

and  move  away  from  it  little  by  little  until  ita  apparent  dimensioDa  are  preciaely 
the  same  as  those  of  the  Sud,  that  is,  until  the  pasteboard  disk  will  exactly  cover 
the  solar  disk.  Observation  shows  that  the  distance  between  the  eye  and  the 
tlisk  is  then  verj-^  nearly  12  yards. 

Now  it  is  easy  to  see  from  the  preceding  figure,  that  there  is  between  the  real 
dimensions  of  the  pasteboard  disk  and  those  of  the  Sun  precisely  the  saiue  rela- 
tion 08  between  tho  distances  which  separate  the  observer  from  each  of  the  two 
objects  in  qnestioii.  The  diameter  of  the  Sun  is  therefore  to  the  diatneter  of  the 
disk  as  9r),tH.>0,0lKi  miles  are  to  the  distance  of  the  disk  from  the  eye.  The  method 
employetl  by  astronomers  ia  less  elementary  \  but  in  the  main  it  is  based  on 
the  same  principle. 


THE  SOLAR  STBTE^l, 


«r  2,471,G65,(K)0,00a  square  miles,  that  is,  I2,lill  times  the  en- 
tire  nrface  of  the  terrestrial  sphere.  If  we  pass  to  its  volume, 
it  is  impofifiible  not  to  be  etartled  at  the  colossal  numher  of 
a$t34->,641»000.000,000  cubic  miles,  a  number  whiuh  represents 
amrr  thao  1,400,000  times  the  cubic  contents  of  the  Earth. 

AragOf  in  his  **  Popular  Astronomy/'  quotes  the  following  com- 
pariiKm,  well  adapted  to  give  an  idea  of  the  inimensity  of  this  volume  : 
**  A  certain  Professor  at  Angers,  wishing  to  give  his  pupils  a  tangible 
notion  of  the  size  of  the  Earth  compared  with  that  of  the  Sun,  counted 
the  number  of  grains  of  wheat  of  ordinary  size  containc<l  in  a 
meaaure  called  a  litre  ;  he  found  this  to  be  10,000 ;  conse<:piently  a 
decalitre  would  hold  100,000 ;  a  hectolitre  1,000,000,  and  14  dei-a- 
litres,  1,400,000.  After  haWng  gathered  into  one  heap  the  14 
decalitres,  he  held  up  one  grain,  and  said  to  his  listeners,  *  Here  is 
the  yolimie  of  the  Earth,  and  here  is  the  Sun/  This  statement  of 
the  case  struck  his  pupils  infinitely  more  than  if  he  had  announced 
it  in  the  abstract  munbers,  1  to  1,400,000," 

When  we  shall  have  seen  what  are  the  actual  dimensions  of  this 
grain  of  com  which  represents  the  Earth,  we  shall  be  more  surprised 
still,  and  our  imagination  will  be  crushed  under  the  prodigious  size 
of  our  world's  light-giver,  which,  nevertheless,  is  but  itself  a  grain  of 
luminous  dust  lost  in  infinite  space. 

Our  Earth  being  only  one  of  the  members  of  the  planetary  family, 
it  would  be  only  natural  to  extend  the  comparisons  that  we  have 
made  between  its  volume  and  that  of  the  Sun  to  the  principal 
celestial  bodies  which  revolve  with  it  round  the  central  focus.  But, 
in  the  detaOed  description  that  we  shall  subsequently  give  of  each  of  , 
these  bodies,  we  shall  take  occasion  to  enlarge  more  on  their  proper 
dimensions,  To  deal  with  them  here  as  a  whole,  we  may  remark  that 
the  volume  of  the  Sun  is  itself  equal  to  COO  times  the  united  volumes 
of  all  the  pknets  and  their  satellites  put  together. 

That  we  have  been  able,  by  means  of  the  data  supplied  by  obser- 
vation, and  the  laws  of  geometry  and  optics,  to  measure  the  true 
distances  of  the  celestial  bodies — at  least  of  those  nearest  to  ns  ;  that 
from  their  distances  we  have  determined  their  dimensions  in  diameter, 
in  fiuriace,  and  in  volume,  is  not  difficult  to  understand,  and  our 
readers  will  doubtless  readily  admit  what  we  have  already  said, 
although  we  have  not  finished  with  the  subject,  as  the  question  of  dis- 
tance will  be  again  discussed  in  the  third  part  of  this  book. 

But  that  astronomers  should  pretend  even  to  know  the  weight  of 
the  different  celestial  bodies,  and  to  say  how  many  Earths  may  be 
placed  in  one  scale  of  a  balance  to  hold  the  >Sun  in  equilibrium  in 
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the  other,  will  seem  paradoxical,  at  all  events,  to  many.  We  shall, 
farther  on,  show  the  possibility  of  conclusions  apparently  so  audacious, 
the  inquiry  into  which  may  seem  to  border  on  presumption.  We 
must,  however,  in  the  interim,  invoke  a  sentiment  which  is  but 
rarely  required  in  science — faith  in  our  assertions,  not  a  faith  which 
shelters  itself  imder  the  impenetrability  of  the  mysterious,  but 
one  which  will  become  by  fiiture  study  clear  and  demonstrated 
truth. 

Compared  with  the  mass  of  the  Earth,  the  mass  of  the  Sun  is  only 
about  355,000  times  as  great,  although  its  volume,  as  we  have  seen, 
is  1,400,000  times  larger.  This  indicates  a  less  density ;  and  it  is 
found  that  the  matter  of  which  the  Sun  is  composed  weighs  but  little 
more,  volume  for  volume,  than  a  quarter  of  that  of  which  our  own 
globe  is  formed.  The  weight  of  the  Sun  may  thus  be  expressed  in 
tons: 

2,154,106,580,000,000,000,000,000,000 

It  ranks,  as  we  see,  among  those  numbers  which  present  nothing  to 
the  mind,  and  leave  the  imagination  itself  powerless. 

We  shall  find  that  among  the  bodies  of  the  solar  system,  there  are 
many  planets  whose  dimensions  and  masses  are  considerable  when 
compared  to  our  Earth.  The  mass  of  the  Sun  alone,  however,  is 
equal  to  750  times  the  united  masses  of  all  the  bodies  which  it  main- 
tains in  its  sphere  of  attraction,  and  to  which  it  dispenses  light  and 
heat. 
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Solar  Observation— Sun-spota — The  Sum's  movemeut  uf  Rotation — The  Kew 
Photographs  of  the  Stiii^ — The  Telescopic  appcai'suice  of  tbn  (jenenil  Surface — 
Mr.  Naiiiujth'ij '  Willow-leavea' — Opiuions  of  other  Astro iiomers-^The  appear- 
ance of  tho  Penumbra — riubra  and  Peuumbra  of  Spots— EDomi on s  Spots— 
Tiitir  rapid  Obange  of  Form — Mr.  Cftrrington's  Researches  ou  their  Proper 
Motion . 


When  clouda  or  niista  are  thick  cuough  tt>  initigiite  the  dazzling 
splendour  of  the  Sun's  rays,  but  yet  sufficiently  transparent  to  enable 
us  to  see  its  disk,  with  its  distinctly  circular  fomi,  the  suriace  of  the 
luminary  appears  to  us  uniibrmly  Imninous,  with  no  sjiot  dininmig 
its  brightness.  The  same  appearance,  as  everj"  one  knows,  is  pre- 
sented when  we  observe  it  through  a  plate  of  black  or  smoked  glass. 

But  if,  instead  of  wiifining  ourselves  to  observations  with  the 
naked  eye,  we  examine  the  body  with  a  telescojx?  of  moderute  magni- 
lying  |>ower,  our  eye  being  properly  protected,  the  enlarged  iniuge  of 
the  disk  will  usuaUy  appear  to  us,  as  if  sprinkled  with  irregularly 
grouped  dark  points.  These  are  the  '*  Sun-spots/*  real  movable 
belongings  of  tho  surface  of  the  Sun,  the  observation  of  which,  as 
we  shall  soon  see,  is  surrounded  with  the  greatest  interest,  as  it  helps 
us  in  the  study  of  the  physical  constitution  of  our  limiinary, 

Tlie  following  representation  of  the  Sim  (fig.  5)  will  give  an  idea 
of  the  manner  in  which  the  sjiots  are  distributed^  and  of  their 
gixjuping  at  a  given  time. 

Let  us  remark  at  once,  that  the  number  of  the  spots,  their  rela- 
tive i>ositions,  and  their  forms  even,  vary  constantly  according  to 
the  period  of  observation-  *Sometimes,  but  rarely,  the  solar  disk  is 
perfectly  clear,  no  spot  vary^ing  the  unifonnity  of  its  splendour. 
During  a  perifid  of  ten  years,  from  1840  to  1850,  out  of  a  total 
nmnber  of  1082  days,  when  the  Sun  was  observtHi,  there  wero 
only  372  days  on  which  spots  were  not  observed  on  its  disk. 

As  many  as  80  spots  have  been  visible  at  one  time.  On  the  other 
hand,  whole  years,  it  is  stated,  have  passed  mthout  any  being  observed. 
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But  we  must  ht^  alJowed  to  coneiider  the  latter  fact  u  negative 
one,  resulting  fn.>m  the  want  of  assiduity  of  observer*;  fur  sinee 
eiieli  a^tronoitiers  as  Scliwabe  of  Dessau,  Wolf  of  Zurieli,  Curriugton 
i)f  Kedhill,  Dawen  t>f  Haddenham,  [De  La  Rue  of  Cmuford,  and 
Stewart  of  Kew,]  have  devoted  themselves  to  the  continuous  obt*er- 
vation  of  these  phenomena,  the  nuinWr  of  days  in  the  year  when  the 
disk  of  the  Sun  has  not  presented  UTiy  8j>ot  has  always  been  less 
than  those  on  wbieh  groups  have  been  recognised. 
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AVo  shall  see,  subsequently,  that  the  number  of  sjxjta  follows  a 
certain  periodicity,  whieh  seems  to  establish  a  most  interesting  cor- 
relation between  Suji-spots  ujid  the  pheuomenti  of  terrestrial  mag- 
netism. 


AVlien  observed  with  eare  during  several  consecutive  days,  tbe 
0potB  are  seen  to  vary  in  form  and  position.  But  midst  all  tliese 
vari:ition8»  a  connrion  movement,  a  progression  of  the  whok\  by  virtiu* 
ot  which   tliey  all   move   in  the  same  dii'eetiaD»  can  be  distinguished^ 
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From  tXim  movement  has  been  deduced  the  rotation  of  the  8olur 
globe  ronud  an  axis  that  passes  t!imu{i;h  its  eeiitre. 

Let  us  hjok  n^^dln  llii^ough  our  teh»&fupe.  The  reversed  image  of 
the  Sun  presents  itsi'lf  in  such  a  manner;  that  the  eastern  edge — 
or  limb  ft8  it  ifl  caHed  by  astronomers — weuiJies  the  right,  the 
western  one  the  left,  whilst  the  south  and  north  regions  of  the  Sun 
are,  the  former  ut  the  top,  the  latter  at  the  b+jtlom  of  the  image,  as 
seen  in  the  telescope. 

Observe  a  spot  on  the  eastern  edge.  From  one  day  to  another 
we  shall  see  it  progress,  and  that  with  gradually  inerensing  rapidity, 
until  it  occupies  a  central  position  on  the  disk.  Then  it  will  continue 
to  adviineo  towards  the  loft,  lait,  in  this  second  half  of  its  joiU'uey»  it» 
rapidity  will  decrease,  and  the  sjxjt  will  tinally  disjrppear  on  the 
western  border.  The  same  phenomena  will  take  place  with  all  the 
spots  which,  at  the  commencement  of  observation,  are  scattered  over 


Fig.  0,  —  Apjoircitt  change  in  the  tami  of  apoU  approaching  or  reccdlog  fhsm  tho  centre, 

the  solar  disk  ;  all  will  describe  in  the  same  direction  with  a  nearly 
t»qual  velocity  eitlier  straight  lines  or  slightly  curved  ones  {according 
to  the  [>eriod  of  observation),  the  convexity  of  the  latter  lying  in  the 
same  direction  for  all  the  spots  observed  at  the  same  time. 

Let  us  suppose  that  the  particular  spot  that  we  have  noticed  ia 
of  an  oval  forra^  its  greatest  length  being  at  right  angles  to  its 
mcition  across  the  Sun  at  the  moment  when  it  appeared  at  the  eastern 
border.  In  proportion  as  it  approaches  the  centre  this  spot  widens, 
BO  that  it  bet!omes  nearly  circidar,  then,  having  passed  the  centre, 
its  form  becomes  more  and  more  oval  again,  until  its  disappearance, 
its  apparent  size  meanwhile  in  one  dircn^tion  not  having  sensibly  varied. 

Fig.  tj  shows  the  changes  of  ionii  of  which  we  jspeak  during  the 
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first  or  last  half  of  the  iKTiod  of  the  visibility  of  the  sijot.  The 
efli'ctrt  are  j>roduee(l  inx^i-tsely  m  the  InwH  of  perf<pe<^:tlve  rtemaiKl,  if 
we  admit  that  the  Smi  ia  of  a  spherical  fornix  and  that  the  dark  spot 
observtHl  passea  over  its  surfaee  with  a  imifomi  tnovemeut. 

Alwut  fourteen  days  is  the  time  during  which  a  8|>ot  remainfi 
visible,  Eind  this  time  is  the  Biime  for  all,  although  they  do  not 
all  traverse  ares  of  precisely  the  same  length  on  the  Suti*8  surface. 

It  is  also  fourteen  days  after  the  disappearance  of  a  spot  on  the 
western  border  tvefore  it  appears  again  on  the  eastern*  often  ehanged 
in  fonn,  it  ia  true,  but,  nevertheless,  generally  recognisable. 

Precise  mea8urenients  have  proved  both  the  genenJ  uniformity 
and  tlie  parnllrlisin  of  all  these  movenientw,  alllunigh,  independently 
of  the  rotation  t)f  the  whole,  the  spots  undergo  slight  displacements 
among  themselves. 

It  was  asked  at  first  if  the  black  ]K^ints  which  form  the  spots 
reidly  lielonged  to  Ihe  ImkIv  of  the  Sun,  whether  they  were  not  small 
bodies  revolnng  like  planets  around  the  great  light-giver,  and  pre- 
senting to  ns  their  nn  illuminated  faees.  But  the  variation  in 
their  apparent  rapidity  whieh  we  have  noticed,  combined  with  the 
change  of  foi-ni  which  some  of  them  undergo  in  passing  from  one 
border  to  the  other,  does  not  allow  us  to  adopt  this  hyjiothesis. 

It  was  also  thought  jjossible  to  explain  the  movement  of  the  spots 
from  the  eastern  to  the  western  Ixirder,  by  an  actual  translation  of 
them  across  the  surface  of  the  Sun,  itaell'  immovable.      But  if  so,  . 
how  shall  we  account  for  this  absolute  uniformity  in  their  move- 
ments ? 

Thus  there  are  two  facts  of  great  imi>ortaBce  placed  beyond  all 
question  by  the  attentive  and  continued  observation  of  tliese  black 
points  which  are  scattered  over  the  surlhce  of  the  Sun  ;  on  the  one 
hand,  the  spherical  form  of  the  body,  on  the  other  the  existence  of  a 
movement  of  general  rotation.  Moreover,  this  movement  takes 
place  from  right  to  left,  or  from  west  to  east ;  that  is,  as  we 
have  already  seen,  precisely  in  the  same  direction  as  the  move- 
ments, both  fjf  rotation  or  revolution,  of  the  other  bodies  of  the  solar 
system. 

AVhen,  three  centuries  ago,  the  discoveries  of  Copernicus  at  last 
brought  to  light  the  true  system  of  the  world,  the  Sun  was 
promoted  from  the  se<^rondaiT  raid*:  of  satellite  to  the  Earth  to  that 
of  sovereign  of  the  phuietary  kingdom,  and  it  was  imagined  that  he 
was  enthroned,  iiumovable,  in  the  centre  of  his  court.  It  was  not 
suspected  either  that  he  was  whirling  through  space  accompanied  by 
his  dependants,  or  that  he   turned  on  an  axis.     Why,  it  was  said, 
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this  latter  movement,  in  a  body  which  itself  is  light  and  heat,  and 
knows  only  an  eternal  day? 

These  two  movements  are,  nevertheless,  real  movements.  The 
recent  progress  of  Sidereal  Astronomy  has  demonstrated  the  move- 
ment of  translation  of  the  solar  system  in  space,  as  the  observation 
of  the  Sun-spots  has  proved  the  rotation  of  the  Sun. 

It  was  in  1611  that  this  last  and  important  discovery  was  made. 
Before  that  time,  Jordano  Bruno  and  Kepler  had  suspected  the 
movement  of  rotation ;  anticipating,  as  remarked  by  Arago,  actual 
observation  by  their  genius,  when  the  astronomer,  Jean  Fabricius, 
discovered  both  the  spots  and  their  general  displacement  on  the 
surface  of  the  disk. 

We  have  said  before,  that  about  28  days  elapse  between  the 
appearance  and  disappearance  of  a  spot  on  the  same  edge  of  the  Sun ; 
the  time  of  the  actual  rotation  is  actually  less  by  two  days.* 

We  are  here  content  to  state  the  time  of  the  Sun's  rotation 
thus  broadly,  as  we  shall  have  to  return  to  it  by-and-by. 

The  Sun's  axis  of  rotation  is  but  slightly  inclined  (7°  16'  according 

*  Let  us  endeavour  to  understand  this  important  distinction. 
If  we  take  a  spot,  a,  on  the  accompanying  diagram  at  the  moment  when,  as 

seen  from  the  Earth,  it  coincideB 
with  the  centre  of  the  Sun,  and  dis- 
regard the  irregular  displacements  to 
which  it  will  be  subjected  on  the  sur- 
face of  that  body,  an  entire  rotation 
will  seem  to  us  to  be  effected  when 
the  same  spot  returns  to  occupy  the 
same  central  portion  after  27  days  12 
hours.  But,  during  this  time,  the 
Earth,  our  movable  observatory,  will 
'  \  be  displaced  in  its  orbit,  and  will  have 

'  \  described  an  arc,  from  T,  its  primitive 

I  \  position,  to  T  its  new  ]X>sition.    At 

\  this  moment,  the  spot  has  revolved  not 

\  only  back  to  a  again,  but  also  through 

\  an  additional  part  of  the  arc  a  a',  so 

\  that  it  has  actually  effected  more  than 

\  an  entire  rotation.     In  other  words, 

\  the  point  of  the  surface  of  the  Sun, 

\  which  correspondcil  first  to  the  centre 

of  the  disk,  is  now  to  the  east  of  the 
new  central  point  a',  by  the  fact  of  the 
movement  of  the  Earth.    The  appar- 
„.    -     ^.-  ,^.      J    .,  «i    ^       ent  period  of  the  rotation  exceeds  thus 

Fig.  1.  —Difference  of  time  in  the  apparent  ro-  tf 

tJition  of  the  Sun,  and  in  itfl  real  rotation.  thc  real  period  by  thc  time  ncccssary 

to  traverse  the  path  a  a'.    A  simple 
calculation  shows  that  this  period  is  about  two  days. 
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to  Camngton's  latest  researches)  to  the  ideal  plane  iii  which  our 
Earth  moves  round  the  Sim.  If  this  inclination  were  ail,  we  shoidd 
always  see  the  spots  moving  in  right  lines  over  the  disk,  parallel  to 
the  8<jlur  eqmitor.  Btit  this  mclination  causes  ns  to  he  sometimes 
above  and  sometimes  below  the  plane  of  the  Sun's  equator.  Hence 
the  curved  paths  of  the  spots  at  some  seasons,  the  convexity 
eometimea  being  towards  the  north,  at  others  towards  the  south. 
But  at  the  two  intermediate  seasons,  that  is,  on  the  6tli  of  June  and 
the  8th  of  DecembtT,  the  Earth  is  exactly  in  the  plane  of  the  equator,* 
and  at  these  times  we  mo  the  spots  moving  in  straight  lines.  Fig. 
8  will  render  our  statements  clear. 
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F4g.  s*  —  DlfTiJre'nt  pntku  of  Bim-Apota  iit  dlfferont  jieriods  t3f  the  year. 

Sun-spots  are  confined  in  the  main  to  two  zones,  situated  on  each 
aide  of  the  equator,  and  they  are  seldom  observed  on  other  j^arts  of 
the  disk.  Wlience  it  seems  to  follow^,  that  the  phenomena  which 
give  rise  to  them,  have  a  certuin  relation  to  the  movement  of 
rotation  of  the  solar  globe.  If  the  luminous  surface  of  the  Sun  Ik? 
an  incandescent  fluid  [or  be  comjjosed  of  masses  of  gas  or  cloud], 
it  is  conceivable  tliat  the  rapidity  of  rotation  gives  rise  to  a  cen- 
trifugal force  which,  though  absent  at  the  iK>les,  constantly  increases 
towards  the  equator,  where  it  attains  its  maximum.     Hence  arise 

*  [The  aode  ia  situated  in  heliocentric  longitude  1%^  Aii  for  1850"0  (Carring- 
ton.] 
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currents,  whirlwinds^  and,  no  dmibt,  Irrruks  or  n*nts  in  tte  luminous 
gurfaee. 

The  rapidity  of  rotation  increases  of  t^ourse  from  th©  poles  towardi^ 
the  equator,  and  is  much  greater  than  woidd  hv  imaginable  at  firet 
sight  to  judge  from  the  Hlnwness  of  its  angidar  ino%oment,  A  point 
situated  on  the  sokr  equator,  however,  travek  with  a  veloeity  of 
4560  miles  an  hour,  or  about  1^  miles  a  second ;  that  is,  nearly 
four  times  and  a  half  faster  than  a  point  situated  m\  the  terrestrial 
etjuator, 

Now^  that  the  spots  of  the  Sun  have  revealed  to  us  its  movement 
of  i*otation»  and  the  direction,  manner,  and  duration  of  that  mo  vement# 
let  us  study  in  detail  these  interesting  phenomena*  and   sec   what 


Fig,  9.^~8tiii-q>ot«  ■hfrninir  umbrs  peauinibi.. 


i.uLi^  i/rldgiQA.    p7iiftiuytb.) 


knowledge  we  can  gather  of  the  physical  constitution  of  this  giant  of 
our  planetary  system. 

Turn  to  riatc  IF,  which  represents  a  series  of  Sun-spots.  It  will 
be  seen  that  tlie  spots  consiHt  almost  invariably  of  one  or  several  dark 
portions  called  nmhw,  which  seem  Ijlack  when  compared  w^ith  the 
luminous  parts  of  the  disk. 

Around  these,  a  j^rcy  tint  furrowed  with  dark  strijr,  forms  what 
is  nanied^  imi)roperl3»  the  pniftmhiyt^  The  majority  of  spots  iire 
composed  of  one  or  several  wr«  &/■«',  enclosed  in  one  penumbra.  But 
sometimes  spots  appear  without  the  greyish  envelope,  as  also  ooca- 
sionally  jK^nnmbra  unprovidcil  with  nwhrtp. 
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Tbe  forma  of  the  gpote,  as  shown  by  the  dniwings  phccxl  before 
the  reader,  are  most  varied,  Tlie  peniimbm  most  frequently  repro- 
duces the  principnl  contours  of  the  umbm,  and  often  presents  a 
great  variety  of  shades,  when  examined  with  considerable  magni- 
fying powers.  On  the  exterior  edges  of  the  penumbra,  the  grey 
tint  seems  generally  the  deepest,  either  by  the  effect  of  contrast  with 
the  brilliant  jx^rtions  that  surround  it,  or  because  in  reality  it 
possesses  at  the«e  points  a  more  decided  tint. 

Fig,  9  (p.  32)  affords  a  striking  example  of  this  aspect  of  the 
penumbra. 

This  spot  presents  the  peculiarity,  not  at  all  unfrequent,  that 
tbe  dark  umbra  is  divided  into  seveml  fragments  by  luminous 
britlges,  spanning  it,  as  it  were,  from  one  side  of  the  penumbra  to  the 
other. 

The  umbra  itself  is  far  from  offering  an  uniform  black  tint.  In 
reality  it  always  presents  the  appearance  of  varied  shades,  as  if 
the  penumbra  and  umbra  were  mingledt  and  mixed  up  their  tints 
in  varitMl  propfjrtions. 

[We  owe  to  the  Rev.  W,  R.  Bawes  the  discovery  that  the  umbra 
in  but  a  darker  kind  of  penumbi*a ;  for  under  the  best  conditions  of 
air  and  instnmient,  he  has  found  it  to  be  in  its  turn  pierced,  and 
affording  a  view  of  a  much  darker  portion — which  be  calls  the 
mwJem — lying  underneath.  This  he  finds  to  be  of  the  nuist  intense 
blackness ;  but  in  saying  this  we  must  warn  our  readers  that  such 
a  word  as  applied  to  the  Bun  is  comparative  only.  8ir  J,  Ilerwhel 
has  shown,  that  a  ball  of  ignited  quicklime,  in  a  Di-ummond's 
oxyhydrogen  lamp,  which  itself  gives  out  an  apparently  near  ap- 
proach to  sunlight,  when  projet^ted  on  the  Sun  tip^x'ors  as  a  hlmk 
*tpot.  So  the  Sun-sixits,  properly  so  called,  may  not  be  so  black 
after  all!] 

Tlie  transits  of  Mercury,  moreover,  over  tbe  Sun's  disk  have 
taught  us  that  the  umbra  is  less  dark  than  the  uiiilluminated  face 
of  a  planet. 

We  will  now  speak  of  the  real  dimensions  of  the  spots,  the 
successive  changes  which  they  undergo,  and  what  ustrononiers  call 
their  "proper  motion,"  that  is,  their  actual  movement  on  the  Sun's 
surface  in  any  direction. 

The  dimensions  of  the  spots  are  extremely  variable,  and  they 
sometimes  cover  enonnous  areas.  It  is  not  uncommon  to  see  one 
with  a  surface  larger  than  that  of  the  Eai-th.  Schroter  measured 
one,  the  extent  of  which  was  equivalent  to  sixteen  times  the 
surface  emhracetl   by   a  great  circle  of  our  Earth,   or    four    times 
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the  entire  superficies  of  our  globe;  ita  diameter,  therefore,  wa« 
nearly  I'uur  times  the  diumeter  of  the  Earth,  that  is  to  soy,  moro  than 
29,000  iniles.  Sir  W.  Ilersehel,  in  170 J),  measured  a  spjt  couHisting  of 
two  parts,  the  diameter  of  which  was  not  less  than  50,000  railes. 
Some  spots  ohserved  by  Captain  Davns  on  the  -iOth  of  August,  1H39, 
show  what  enormous  proportions  they  sometimes  attain.  The  most 
extensive  was  not  less  than  186,000  miles  in  its  greatest  length,  its 
surface  embracing  about  25,000,000,000  square  miles. 


Fig,  HI.  —  Euorroou*  Bun-epot*.   (DsvIb,) 

If  the  Spots  are  deep  rents  in  the  envelope,  of  what  enormous 
OBpacity  must  be  those  gulfs,  those  gigantic  abysses,  at  the  bottom  of 
which  the  Earth  would  only  be  as  a  boulder  in  the  crater  of  a  vol- 
cano ! 

Not  only  are  Sun-spots  not  permanent — it  is  rare  that  one  lasts 
for  many  successive  rotations — but  their  forms  and  dimensions  differ 
from  one  rotation  to  the  other ;  sometimes  even  in  the  interval  of  a 
day. 
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The  modification  undergone  by  groups  of  spots,  in  about  tho 
intcTvul  of  one  rotation,  can  he  seen  in  figs.  11  and  12, 

These  different  groups,  though  easily  recogniaed  again,  form, 
nevertheless,  a  new  ememble,  and  the  detaik  of  the  spots  are  still 
more  modified. 

These  changes  indicate  two  phenomena  going  on  simultimeously, 
which  observers  have  separately  studied.  On  tho  one  hand,  we  have 
here  Indicated  a  proper  motion  of  the  ^ts,  more  or  less  rapid  and 
distinct  from  the  apparent  movement  produced  by  rotation.  Accord- 
ing to  Laugier,  the  proper  motion  of  a  spot  observcfl  by  him  was  not 
less  than  363  feet  a  second ;  that  is  to  say,  three  times  greater  than 
that  of  clouds  carried  along  by  the  most  violent  hurricane. 


Fig.  1  L—Tmnsrv^ni  nation  ot  (n>>np8  of  Solar  >poti  In  tbe  tfitervid  of  a  rotatioEu 
0l»>vjrv'<id  by  M.  PiifttoifT  on  34th  May  ftud  Slit  Juno.  18SS. 

[The  proper  motion  of  the  spots  has  recently  been  inquired  into  in 
the  most  complete  manner  l>y  Mr.  Carrington,  who  has  been  content  to 
observe  the  8nn  every  fine  day  for  eight  and  a  half  years,  in  order  to 
supply  his  mite  of  infonnation  towards  solving  that  great  question, 
"What  is  a  Sim?"  What  he  has  discovered  shows  us  that  there 
need  he  no  ijvonder  that  different  observers  have  varied  so  greatly  in 
the  tiioe  they  have  assigned  to  the  Sun'.s  rotation.  As  our  readers 
already  know,  that  rotation  has  been  deduced  from  the  time  taken  by 
the  spots  to  cross  the  disk.  Mr.  Carrington  now  shows  that  all  Sun- 
spots  have  a  movement  of  their  Qvm,  and  that  tlie  rapidity  of  this 
movement  varies  regularly  with  their  distance  from  the  solar  ecioa- 
tor.  In  fact,  the  spots  near  the  equator  travel  faster  than  those 
away  from  it,  so  that  if  we  take  an  equatorial  spot  we  shall  say  that 
the  Sun  rotates  in  about  25  days  ;  and  if  we  take  one  situated  half  way 
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between  the  equator  and  the  pole«  (in  either  heniisijhere),  we  shall 
say  that  it  rotuteH  in  abciut  28  days.  TliiK,  truly,  in  an  iriijx)rtaiit 
stiiiid-peint  gained,  but  while  it  aidn  our  knowledge^  of  the  photo- 
sphere— that  silver  sea  over  which  the  spots,  like  gondolas,  so  slowly 
glide — it  tells  us  that  of  the  rotation  of  the  Sun  itself  lying  under- 
neath this  fiery  envelope  we  are  yet  entii^ely  ignorant,  for  if  it  be 
a  solid  niitss  it  can  only  have  one  pericd  of  rotation.  Which  is  it  ?] 
We  now  come  U*  the  other  phenomenon  indicated.  The  cimnge  of 
thrm  h  not  less  nipid  than  the  pTOper  movement.  Sometimes  a  spot 
di\^des  into  several  separate  nuclei ;  S4:*me times  many  distinct  nuclei 
reunite  into  one.  Arago  quot<?8  firom  WoUaston  a  curious  instance 
of  a  8|K>t  which  seemed  to  break  upon  the  surface  of  the  solar  globe, 
in  the  same  manner  as  a  fragment  fjf  iee  thro^Ti  on  the  frozen  surface 


Fftf  IS.  —  ChanKM  of  Bolur  mpi^ts  in  the  iutcrral  of  one  rotation.    Di'^tolls  of  groups  A  aod  B. 
(Soo  la«t  figure. )    ( hiatorff: ) 

ol'  a  sheet  of  water  divides  into  several  pieces,  and  slides  in  all 
directions. 

[Diligent  observation,  moreover,  of  the  umbra  and  penmnbra  with 
a  powerful  instrument,  reveals  to  us  the  fact  that  f/mmje  is  going  on 
incessantly  in  the  region  of  the  spots.  Sometimes,  after  the  lapse  of 
an  hour,  many  changes  in  detail  are  noticed  :  here  a  portion  of  the 
|>enumbra  setting  sail  across  the  umbra ;  here  a  portion  on  the  umbra 
mekuig  from  sight ;  here,  again,  an  evident  change  of  position  and 
direction  in  masses  which  retain  their  fonn.] 

Are,  then,  these  spots  the  only  exceptions  to  the  uniform  brightness 
of  the  Sun's  surface  Y     They  are  not. 

[Near  the  edge  of  the  solar  disk,  and  especiaDy  about  spots 
approaching  the  edge,  it  is  quite  easy,  even  with  a  small  telescope, 
to  discern  cerUiin  very  bright  streaks  of  divei*sified  form,  quite  dis- 
tinct in  outline,  and  either  entirely  separate  or  coalescing  in  various 
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ways  into  ridges  and  network.  These  appearances,  wliieh  have  been 
termed  **  faculsD,*'  are  the  most  brilliant  parts  of  the  Sun.  Where, 
neiir  the  limb,  the  spots  become  inTisible,  undulated  shining  ridges 
still  indicate  their  place — being  more  remarkable  thereabout  than 
el«e where  on  the  limb,  though  everywhere  traceable  in  good 
observing  weather.  Facnloe  appear  of  all  magnitudes  ;  and  Professor 
Phillips,  whose  description  we  are  quoting,  has  observed  them  from 
barely  discernible,  softly- gleaming,  narrow  tracts,  1000  miles  long,  to 
continuous,  com])licattMl,  and  heapy  ridges,  40,000  miles  and  more 
in  length,  1000  to  4000  miles  broad.  By  the  frequent  mci^ting  of 
the  bright  ridges,  spaces  of  the  Sun's  surface  are  included  of  various 
magnitudes  and  forms,  somewhat  corresponding  to  the  areas  and 
forms  of  the  irregular  epots  with  penumbne.  They  are  never 
regularly  arched,  and  never  formed  in  straight  bands,  but  always 


Fig,   13.  —  8unHi(H»U  aumouudfHi  by  «  pkLfui-uk  o(  leuls^fCipic^t) 


devious  and  minutely  undulated,  like  clouds  in  the  evening  sky,  or 
irregular  ranges  of  snowy  mountains. 

Ridges  of  this  kind  often  surround  a  spot,  as  shown  in  fig.  13, 
and  hence  appear  the  more  conspicuous ;  but  sometimes  there  appears 
a  very  broad  white  platform  round  the  spot,  and  from  this  the 
white  cnmaplcd  ridges  pass  in  various  directions.  Towards  the 
limb  the  ridges  appear  parallel  to  it ;  away  from  it,  this  character 
is  exchanged  for  indeterminate  direction  and  lessened  distinctness ; 
over  the  remainder  of  the  surface  they  are  much  less  conspicuous,  but 
can  certainly  be  tmced.] 

There  would  appear  to  be  a  close  connexion  between  s|K>ts  and 
faculte,  for  M,  Chac^jrnac,  an  cmineDt  Fieiich  observer,  holds  that 
spots  are  distributed  for  the  most  part  in  groups,  with  their  greatest 
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length  parallel  to  the  Sim's  Equator,  and  that  the  first  spot  of  the 
group  m  the  blackest^  the  most  regular,  and  hist«  the  longest.  As 
the  spots  on  the  wake  of  the  hrMt  disiuppear,  they  give  plaee  to  faeula?, 
which  invade  and  cover  over  the  regii*iia  where  the  spotd  showed 
themselves :  then  the  original  spot  appears  followed  by  a  train  of 
faeula?.* 

[The  Sun  himself  has  bestowed  a  great  boon  upon  observational 
Astronomy.  Thanks  principally  to  the  labours  of  Mr.  De  La  Rue, 
who  has  now  brought  the  art  and  science  of  Astronomical  Pho- 
tography ahnost  to  j>erfection,  the 
Sun,  whether  brightly  shining  or 
hid  in  dim  eclipse,  now  tells  his 
own  story,  and  prints  his  image  on 
a  retina  which  never  forgets  and 
withal  BO  docilely,  that  cmch  day  he 
shines  on  the  Kew  Observatory  a 
young  ladyt  takes  observations 
which  suqmss  immeasurably  in  value 
those  mude  by  the  hardest- headed 
astronomers  of  by-gone  times.  We 
have  mentioned  in  a  note  one  fact 
which  these  new  pictures  have  taught 
us:  there  are  others  of  equal,  pos- 
sibly greater  value,  which  we  shall 
discuss  by-and-by. 

So  much  for  the  more  salient  phe- 
nomena of  the  Sun's  surface,  which 
we  can  study  with  our  telescopes. 
There  is  much  more,  however,  to 
be  inquired  into ;  and  astronomers — 
so  fiir  fnnn  being  dismayed  at  the  enonnous  distance  of  our  eentral 
luminary,  and  at  the  fact,  that  with  our  most  powerful  instruments 
we  can  only  watch  the  changes  eternally  going  on  on  its  surface 
as  we  could  do  with  the  naked  eye  at  a  distance  of  180,000  miles, — 
are  at  the  present  moment  engaged  in  a  discussion  on  the  more 
minute  appearances  revved  t«  us  under  the  best  conditions  of  air 
and  instrument. 


Fig.  14.— Spotwiib  (sLCtdax  MajH,  l$<33. 
(Cftpt.  Noble.) 


♦  A  fact  ftgreeiDg  with  the  deductions  made  by  Mr,  Balfour  Stewart  from  an 
elaborate  study  of  the  Sun-picturea  taken  at  Kew. 

t  [Shall  we  be  divulging  too  much  if  we  recognise  here  the  *' qualified 
a^iaiBt&nt"  of  the  Kew  Rejiorts  ?] 
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We  may  be^u  by  sayings  that  the  whole  surfuce  of  the  Sun, 
except  those  portions  occupied  by  the  spots,  is  coarsehj  nwtiled ; 
and,  indeed,  the  mottled  appearance  requires  no  verj'  large  amount 
of  optical  power  to  render  it  visible.  It  has  been  often  observed 
with  a  good  refractor  of  only  2 -J  inches  aperture.  Examined,  how- 
ever, with  a  large  inatrunient,  it  is  seen  that  the  surface  is  principally 
made  up  of  luminous  masaca — described  by  Sir  W,  Ilersehel  as 
**  corrugations "  and  small  points  of  unequal  light — imperfectly 
separated  from  each  other  by  rows  of  minute  flark  dotn,  called  poren^ 
the  intervals  between  them  being  extremely  small,  and  occupied 
by  a  substance  decidedly  less  luminous  than  the  general  aurfece. 
Mr,  Nasinyth  has  recently  announced  his  discovery  that  theee  |K>res 
are  the  **  polygonal  interstices  between  certain  hmunous  olywts  of 
an  exceedingly  definite  shape  and  general  niiiformity  of  size  (at  least 
as  seen  in  projection,  in  the  central  portions  of  the  disk),  which  is 
that  of  the  oblong  leaves  of  a  willow- tree/'*  According  to  other 
observers,  however,  these  luminouB  masses  present  almost  every 
variety  of  irregular  form :  they  are  "  rice-grains,"  granules  or  gra- 
nidations,  **  untidy  circular  masses,"  **  things  twice  as  long  as  broad,*' 
"  three  times  as  long  as  broad,"  and  so  on.  Mr.  Dawes  asserts, 
indeed,  that  he  has  seen  some  nearly  in  contact  differ  so  gineatly  in 
size,  that  one  was  four  or  five  times  as  large  as  the  other;  and 
w^hile,  in  a  remarkably  bright  massi,  one  somewhat  resembled  a  blunt 
and  ill-shaped  arrow-head,  another,  very  much  smaller,  and  within 
5"  of  it,  was  an  irregular  trapezium,  with  rounded  corners. 

With  regard  to  the  general  surface  of  the  Sun,  therefore,  it  is 
not  so  easy  to  reconcile  the  conflicting  opinions  to  which  we  have 
alluded.  The  appearances  which,  according  to  Mr.  Nasmyth,  arise 
from  the  interlacing  and  irregulsir  arrangement  of  his  "  willow-k»aves," 
Mr.  Dawes,  who  is  one  of  the  most  assiduous  observers  of  the  present 
day  and  who  has  closely  studied  the  solar  suriace,  exphiins  very 
differently.  He  looks  upcm  them  not  as  individual  and  separate 
bodies  of  a  pecuHar  nature,  but  ixs  merely  rcnderiiig  visible  to  us 
different  conditions  as  to  brightness  or  elevation  of  the  larger 
masses  forming  the  mottled  surface,  "just  as  the  brightest  ]K)rtions 
of  that  surface,  and  the  faculoe  also,  are  different  conditions  of  the 
general  photosphere."  **  Their  forms  and  sizes,"  he  says,  **  are  so 
various  as  to  defy  every  attempt  to  deseribe  them  by  any  one 
appellation  or  comparison.  But  the  rarest  of  all  forms  is  the  long 
and  narrow." 


♦  Herschefa  "  Outlines  of  ABtronomy,''  p.  095. 
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The  word  **  willow-leaf;"  however^  very  well  paints  the  appear- 
ance of  the  minute  details  sometimes  observed  in  the  penumbnc  of 
spots,  which  occasionally,  as  seen  in  fig.  9,  appear  to  he  made  up 
of  elongated  masses  of  unequal  brightnesses,  so  arranged  that  for 
the  most  part  they  point  like  so  many  arrows  to  the  centre  of  the 
nucleus,  gi^'ing  to  the  penumbra  a  radiated  appearance.  At  other 
times,  and  sometimes  in  the  same  spot,  the  jagged  edge  of  the 
penumbra,  projecting  over  the  nucleus,  has  caused  Mr.  Dawes  to 
liken  the  interior  edge  of  the  penumbra  to  coarse  thatching  with 
straw,  the  edge  of  which  has  been  left  untrimme<L  But  other  ap- 
pearances are  assumed,  depending  upon  the  amount  and  kind  of  action 


Fig.  15,— 6im-9ih3t.  A^>tiJl  2,  18^.     (Lockjcr.) 


miA  bltericir  mitLini]  of  the  penumbniiind  t>thur  appeanuicc*  projected  on  Iho  umbtii  aru  olonu  1m- 
IcutleiJ  to  b«  tihttwn. 

A.  Toiigi*o  of  faonk  (?)  stretflhinM'  out  into  the  ainbr&.  B,  Cloudl«  (i), 

C.  A  rmiiiiOTitoTy  lu  wbjeh  tho  ^HhliigA*'  aru  changlB^  tlic  diractiuti  of  tkoir  Inrg^r  mxm  with 
nnipetrt  to  ilie  coiitrc  of  thr  B^tiit. 

n.  The  "thins;*"  ^"  the  general  surface  of  the  Sun  ;  these  are  ahoiA'u  by  the  ongmvor  too  ruf^- 
lariy  and  Um,  mcmit  tfifrethori  w  opposed  to  tbo   *'  thiotfs"   on  the  fionutnhra. 

F.  Htuxs  the  iJCMiiLmhni  Memi  0CMiitH>sMxl  of  layers,  mid  tlio  "  tliuig^"  tra  iUTUiti;|[ed  like  feathers  on 
^  duck's  wing- 

going  on  in  the  spot  at  the  time.  This  has  recently  been  abundantly 
detnonstrated  by  Father  Secchi,  The  occasional  **  wiUow-leaf " 
appearance  of  the  penumbra  is  represented  in  tig^.  15. 

Mr.  Dawes  has  come  to  the  conchision,  that  the  "granules"  or 
"granulations,"  are  geneniUy  larger  and  brighter,  on  the  brightest 
parts  than  on  the  darkcrat  oncjs ;  the  dilierence  in  brightness  of  the 
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individual  "  granules "  in  each  part  being  much  the  same  as  in 
the  different  masses  themselves ;  on  each  of  the  larger  masses,  the 
individual  granules  are  all  very  nearly  of  equal  brilliancy  throughout 
the  mass  to  which  they  belong.  They  are  not  in  general,  if  ever, 
mixed  together — some  much  brighter,  and  others  far  less  bright,  on 
the  same  mass.  There  are  also  darker  or  shaded  portions  between 
the  granules,  often  pretty  thickly  covered  with  dark  dots,  like 
stippling  with  a  soft  lead-pencil ;  these  are  what  have  been  called 
"pores"  by  Sir  John  Herschel,  and  "punctulations"  by  his  father. 
Some  of  these  are  almost  black,  and  are  like  excessively  small 
eruptive  spots.] 
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III. 


Thoorics  of  the  Physical  Constitution  of  the  Sun — Wilson's  Theory — Kirch- 
hoff's  Theory — Their  Antagonism — Opinions  of  M.  Fayo  and  Mr.  Herbert 
Spencer — Solar  Cyclones — Probable  downnish  of  Clouds  into  a  Spot,  and 
Consequent  Disappearance — Intensity  of  the  Sun*s  Light  and  Heat. 


Great  interest,  doubtless,  attaches  to  a  knowledge  of  the  relative 
movements  of  the  celestial  bodies,  and  to  the  possession  of  the  secret 
of  the  successive  changes  of  position  of  the  luminous  points  in  the 
starry  vault,  which  we  are  enabled  to  contemplate.  These  pheno- 
mena, studied  with  admirable  perseverance  during  twenty  centuries^ 
have  at  length  imveiled  to  us  the  structure  of  the  Universe,  by 
enabling  us  to  comprehend  in  all  its  details  that  of  the  system  to 
which  the  Earth  belongs. 

But  the  domain  of  Astronomy  is  not  restricted  to  the  study  of 
these  general  laws,  so  great  in  their  simplicity.  It  embraces  also  all 
the  phenomena  appertaining  to  each  celestial  body  considered  singly  ; 
phenomena  which,  when  taken  as  a  whole,  allow  us  to  form  the  most 
reasonable  conjectures  as  to  its  particular  constitution.  The  Earth, 
naturally  enough,  was  the  first  body  of  which  the  physical  constitution 
was  studied  and  known,  and  this,  of  course,  apart  from  all  astro- 
nomical considerations,  and  by  direct  methods  very  different  from 
those  employed  by  astronomers. 

The  bodies  nearest  to  us  and  most  easy  to  observe,  thanks  to  their 
apparent  dimensions — the  Moon  and  the  Sun — came  next  in  turn. 
Then  followed  the  several  planets  of  our  system ;  and  at  length  the 
investigators  of  science,  overcoming  the  abysses  which  separate  us 
from  the  other  systems  of  the  sidereal  universe,  have  att4icked  with 
success  the  problems  which  deal  with  the  physical  constitution  of 
the  stars  and  nebula). 

The  nature  of  the  light  by  which  a  celestial  body  reveals  its 
existence  to  us ;  its  intensity ;  the  heat  which  it  receives  or  gives 
out ;  the  nature  of  the  matter  of  wliicli  it  is  composed ;  the  various 
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phenomena  which  it  reveals  to  us ;  the  changes  of  form  and  of  colour 
which  these  phenomena  undergo ;  the  succession  of  day  and  night  and 
of  seasons  deduced  from  its  various  movements ;  the  mass ;  density ;  and 
force  of  gravity  at  its  surface— these  are  some  of  the  principal  points, 
the  study  of  which  belongs  to  that  part  of  our  subject  called  Physical 
Astronomy  ;  a  part  of  the  science  which  has  from  the  earliest  times 
been  pri-vilegod  to  excite  human  curiosity  to  its  highest  degree. 

We  propose,  in  the  course  of  this  work,  to  collect  together  all  the 
facts  of  this  kind  with  which  observers  have,  up  to  the  present  time, 
enriched  our  science,  in  such  a  manner  as  to  amply  satisfy  this  legiti- 
mate curiosity ;  and  we  will  begin  with  the  Sun* 

We  have  been  made  acquainted  with  its  dimensions,  mass,  and 
movement  of  rotation ;  and  we  have  dwelt  upon  the  curious  phe- 
nomena of  which  the  surface  of  its  immense  globe  is  eternally  the 
theatre.  We  have  now  to  try  to  explain  these  phenomena,  and  to 
see  in  what  manner  they  can  be  connected  with  the  Sun's  constitution. 
The  first  attempt  to  do  this  was  mndo  as  long  ago  as  1774,  by 
Alexander  Wilson  ;  and  bis  theory,  developed  and  modified  by  Bode, 
Mitchell,  and  Scbroter,  and  completed  by  Sir  W.  Herschel  and  Dawes, 
!  has  been  confirmed,  and  partly  verified,  by  the  important  experiments 
of  Arago. 

According  to  Wilson's  theory,  the  Sun  is  composed  of  a  dark 
f  spherical  globe,  or  at  least,  a  globe  not  self-luminous,  surrounded, 
at  different  distances,  by  three  atmospheres,  or  gaseous  envelopes, 
entirely  distinct. 

The  first   atmosphere,  the  one  nearest  the  central   nucleus,   is 
I  formed  of  an  opaque,  cloudy  stratum,  reflecting  light,  but  giving  out 
none,  except  that  light  which  it  receives  itself* 

To  this  envelope  succeeds  another,  either  close  to  the  first,  or 
separated  from  it  by  a  certain  interval.  This  second  atmosphere  is 
self-luminous,  being  formed  of  a  gas  in  a  permanently  incandescent 
state.  The  outer  surface  of  this  stratum,  called  the  photosphere^  gives 
'rise  to  the  visible  limits — the  well-defined  edge,  or  limb  of  the  sun's  disk. 
We  have,  lastly,  a  third  atmosphere,  which  is  illuminated  by  the 
photosphere,  is  transparent,  and  surrounds  all  the  others,  and  is 
composed  of  strata,  the  density  of  which  decreases  as  they  increase  in 
distance  from  the  central  body; 

Let  us  see  now  how  this  h}TX>thesis  accoujits  for  the  appearances 
presented  by  Sun-spots,  and  the  shaded  or  luminous  portions  of  the 
[  remainder  of  the  disk. 

If  we  imagine  that  on  the  surface  of  the  dark  nucleus  there  are 
formed  from  time  to  time  gaseous  masses,  incandescent  by  reason  of 


Pig,  Ift.  — Eitplanfttion  of  SunHipota  on  wn»on'«  bypotlic«i»;  «  a,  photofljtboro;  ft  ft,  cloudy  etratiiui ; 
A,  ftpot  vritU  mideus  (umhriv) Jind  pcwtuiibm:  B,  nuckua  (umbra)  witUcmt  penumbra;  C,  pe* 
11  umbra  without  imcleua  (iiuibm). 

its  centre  the  solid  and  obscure  part  of  the  Sun,  and  all  around  this 
the  cloudy  atniospht^re  of  a  grepsh  tint.  Henee,  black  spots,  sur- 
njunded  with  peniimbiit?* 

But  it  niay  happen  that  the  opening  thus  made  in  the  photosphere 
will  be  smaller  than  that  in  the  cloudy  stratum.  In  thia  case  the 
black  nucleus  will  be  alone  visible,  and  it  is  thus  that  a  Epot  witbout 
penumbra  ia  explained.  If,  on  the  contrary,  the  rupture  in  the  first 
envelope  cloBes  up  before  the  photosphere,  then  the  obs(*ure  lM>dy  \>nll 
he  invisible,  a  eircuinKtance  which  easily  explains  penunibrte  without 
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a  nucleus.  These  difterent  cases  are  ull  represented  in  fig,  17,  where 
the  eonditions  neeesmiry  to  present  these  appejiraneed  tu  an  observer 
on  the  Earth  are  indieutod. 

When  a  fissure  is  violently  and  suddenly  produced  in  a  ga8e*>u8 
mass  like  the  photosphere*  we  must  expect  to  see  round  the  opening 
a  heaping  up  of  the  matter  of  which  it  is  formed,  and  consequently 
much  greater  luminous  intensity. 

Such  would  seem  to  he  the  origin  of  faculae,  which  generally,  as 
we  have  seen,  surround  the  spots. 

This  theory  of  the  physit^al  constitution  of  the  Smi  accounts  in  a 
very  satisfactory  manner  for  the  details  of  the  phenomena  observed. 
The  various  forms  of  the  spots,  their  disappearance,  their  motions  even, 


Fl^.  17.— ExplAimUcqi  of  Sun-epoU  on  Wilson'*  hy |M>tl:ioflil    Appcau-aiicv^  prf^eiiU'd  by  Ihe 
asuan  spol  am  anon  »t  the  oootro  juict  hoot  tlie  Unib. 

are  eaxsily  and  naturally  explained.  The  fact  often  observed,  that  the 
nucleus  diminishes  little  by  little,  and  is  reduccxl  to  a  mere  point, 
leaving  the  |>en umbra  visible  wmetimen  after  its  disappearance,  is 
explained  wonderfully  ;  it  in  precisely  in  this  manner  that  the  edges 
of  the  two  atmospheres  should  gradually  come  together  when  the  eaus^ 
which  gave  rise  to  their  di>*turbance  diminishes  in  energy  and  dis- 
appears. 

It  may  also  be  eofi<*eived,  that  after  the  disapYJearance  of  a  s|>ot, 
the  faculse  ought  still  to  remain  and  even  to  appear  more  bidlliant, 
sixice  a  certain  time  must  be  neeessary  to  re-establish  the  perfect 
homogeneity  of  the  gaseous  strata  ;  and  that  the  gaseous  matter,  in 
filling  up  the  canity  formerly  occupied  (apparently)  by  the  umbra  or 
nucleus  and  the  penumbrae,  should  naturally  condense,  and  thus 
become  more  luminous. 

Besides  the  ascending  currents,  the  rapidity  of  which  is  jxiwerful 
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,  enough  to  pierce  the  atmospherit;  envelopes  of  the  Sun^  it  is  thought 
that  there  exists  a  continiml  agitation  in  the  gaseous  stratii  and  on 
the  suriUce  of  the  photo^phorcv  ThiH  surface  in  not  smooth,  but 
furrowed  with  elevations  and  depressions  in  every  direction*  analogoua 
to  the  waves  of  the  oeean.  Hence  the  luminous  ridges,  and  darker 
intervals,  and  multitude  of  pores,  giving  the  Sun  the  mottled  aapect 
before  mentioned. 

The  apparent  changes  of  form,  which  result  from  the  rotation  of 
the  Sun,  now  remain  to  be  explained-  In  fig.  6  are  represented 
the  appearances  presented  by  a  spot  as  it  travels  from  the  edge  to 
the  centre  of  the  disk,  or  pice  rernd.  The  elongated  form  of  a  spot 
at  the  edges,  compared  to  its  rounded  foiTu  at  the  centre,  is  an  effect 
of  perspective,  and  results  from  the  spherical  form  of  the  Sun-  But 
this  is  not  all.  If  the  spot  and  its  penumbra  are  formed  by  a  conicAl 
opening,  the  sloping  sides  of  which  reveal  to  us  the  thickness  of  the 
envelopes,*  the  portion  of  the  penumbra  turned  towai'ds  the  centre 
will  disappear  first,  while  the  penumbra  on  the  side  nearest  the 
limb  will  apparently  increaae.  The  same  appearance  will  he  pro- 
duced at  the  moment  of  the  appearance  of  a  spot  on  the  eastern  limb. 
This  is  due  to  a  simple  effect  of  perspective,  which  fig.  17  will  show 
at  once. 

The  precediQg  theory  is  entirely  founded  upon  the  hypothesis  that 
the  light  of  the  Sun  does  not  belong  to  the  nucleus,  but  that  it 
is  radiated  by  a  gas  in  a  stat«  of  incandescence, f 

The  physical  constitution  of  the  Sun  ia  much  more  simple,  if 

♦  M.  Petit,  of  Toulouse,  has  aucceeded  recently  in  measuring  tbe  height  of 
the  cloudy  stratum  which  gives  rise  to  the  appearance  of  the  penumbra.  He  haa 
found  it  to  bo  upwards  of  4iXX»  milos.  [FVofeasor  Phillips  has  found  a  much 
smaller  height — 3^KJ  miles — to  l>e  a  probable  limit.] 

+  That  the  Sun  is  not  a  solid  body*  at  least  that  its  visible  surface  is  not  solid, 
wo  must  odmitj  in  consequence  of  tbe  extreme  mobility  diisplayed  by  the  pheno- 
mena of  tbat  surface.  But  it  is  not  so  evident  that  it  is  not  an  incandescent 
liquid  or  body  in  a  state  of  fusion.  This  fact  has  been  held  to  be  established 
by  an  experiment  of  Arago'a.  The  optical  properties  of  the  luminous  rays 
radiated  by  an  ignited  gas  are  very  tlifferent  firom  those  rays  the  source  of 
wiiich  is  a  liquid  or  solid  mass,  at  least  if  these  rays  leave  the  surface  of  the 
incmndeBcent  body  at  a  very  small  angle  from  the  limb  of  a  sphere.  Whikt  the 
latter  niys,  examined  by  means  of  a  very  ingenious  instrument,  called  a  "  polari- 
aoope,"  by  its  able  inventor,  are  decomposed  into  two  colo^ired  pencils,  the  others, 
in  pasidng  through  the  same  artificial  medium,  rcmikin  in  their  natural  state.  Now 
it  is  precisely  the  latter  phenomenon  which  is  presented  by  the  light  emanated 
from  the  borders  of  the  Sun.  Hence  Arago  concluded  that  the  luminons  suriaoe 
of  the  solar  globe  consists  of  gas  in  a  state  of  ignition.  But  this  does  not 
preclude  that  the  interior  imcleue  may  be  liquid^  that  is  to  say,  composed  of 
mineral  substances  in  a  state  of  fusion. 
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we  accept  the  reasoning  of  those  who  adopt  a  second  theory  which 
18  less  at  Tarianee  \rith  the  ideas  held  by  those  unfuTiiiliar  with  astro- 
Bomy,  on  the  suhject  of  our  great  himinary.  But,  perhaps,  at  least 
such  is  our  way  of  viewing  it,  it  scarcely  renders  a  more  satisfac- 
tory explanation  than  the  other  of  all  the  ohservtxl  pheiioinena,  and 
it  leaves  without  explanation  many  eij'cumstances  of  these  pheno- 
mena. According  to  it,  the  Sim  is  formed  of  an  incandescent  nucleus, 
the  direct  source  of  the  light  and  heat  which  it  emits  ;  whether  it  be 
a  solid  or  liquid  nucleus  matters  not«  The  nucleus  is  surrounded 
with  a  very  dense  atmosphere,  formed  of  the  constituent  elements 
of  the  body, — elements  which  the  intensity  of  the  temperature  main- 
tains in  a  gaseous  state. 

If  partial  coolings  take  place  at  different  points  of  the  atmo- 
sphere by  the  action  of  unknown  causes,  what  happens  P  There 
will  be  formed  at  these  points  precipitations  analogous  to  the  clouds 
of  aqueous  vapour  in  the  terrestrial  atmosphere.  Very  dense  ag- 
glomerations of  vapours  in  the  vesicular  state,  dark  clouds  inter* 
cepting  the  luminous  rays  of  the  body  of  the  Sun,  will  appear  to  us 
as  spots  on  its  disk, 

A  cloud,  once  formed,  becomes  a  screen  to  the  upper  regions, 
hence  a  cooling  dowTi  of  these  regions,  and  the  fonnation  of  a  lighter 
cloud-screen,  less  opaque,  and  which  as  seen  from  the  Earth  will  pre- 
sent the  ap|>earanco  of  the  i>cnumbne  which  surround  the  sjxjts. 

According  to  this  hypothesis,  the  apparent  changes  w^hich  the  spots 
undergo  in  moving  from  the  border  to  the  centre,  or  rice  tir-sft^  are 
explained  also  by  an  effect  of  perspective,  which  fig,  17  will  convey 
to  our  readers. 

Seen  in  groimd-plrm  on  the  centre  of  the  Sun,  the  spot  wiU  seem 
to  occupy  the  middle  of  the  penumbra  ;  but  in  travelling  towards  the 
border  the  part  of  the  upper  cloud  situated  towards  the  centre  will 
be  projected  on  the  dark  nucleus,  and  will  be  confoioided  with  it, 
whilst  the  portion  of  the  siime  cloud  towards  the  limb  will  apparently 
increase  by  exposing  to  view  the  thickness  of  the  light  cloudy  mass 
which  overlies  the  darker  one.* 


♦  It  has  been  said  that  the  second  tlioory  leaves  flOtne  important  facts 
I  witbrMit  ex|>lttnation.  It  accoiuits  neither  for  tlic  existcm c  of  fiicnlie,  iinr  for  the 
gniiiuliitions.  One  does  not  see  also  why  sp<tta  slujuld  not  he  found  ucar  the 
poles,  ur  wliy»  wlicn  a  spot  disappears,  tho  peminihra  still  subsists  after  the  dis- 
ap|icarancc  of  the  iiucleiLs.  It  does  not  explain  the  ditferenco  whith  exi.sts 
hotwecn  the  spotn  without  pcnambra,  and  the  penumbra  deprived  of  uiubrd. 
BcsiilcH,  a  general  fact  of  ol»,servation,  which  seems  inexplicable  if  the  sjHjts  are 
cloudii  ill  suspension  in  the  aolai*  atmosphere  is,  that  the  spots  almttf^  disappear 
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This  theory   has  been  put  forward  in  support,  of  some  recent 

discoveries  of  great  importance  to  which  we  must  now  call  attention. 

Every  one  is  acquainted  with  the  g^lorious  coloui^t^l  bond  calkd 
the  spectrum,  which  is  produced  by  the  decomposition  of  white  light 
by  means  of  a  prifmi.  Every  one  knows,  too,  that^  besides  the  seven 
primary  colours,  there  is  in  the  spectrum  of  sunlight  a  multitude  of 
dark  lines,  which  completely  divide  the  colom^ed  bands  in  the  direc- 
tion of  its  breadth.  By  comparing  these  dark  lines  with  the  brilliant 
lines  of  the  different  fi].xn;tra  of  the  light  given  out  by  the  flamea 
of  different  metallic  substances,  philosophers  have  arrived  at  the 
knowledge,  that  the  light  emitted  by  the  luminous  nucleus  of  the 
Sim  must  traverse,  before  it  reaches  us,  an  atmosphere  charged  with 
certuin  metallic  vapours.     The  nature  of  these  vapours  even  has  been 


Ffg.  18<  —  Explanation  of  8uii-q>ota  on  Ktrehboirs  byiK>tlie«iA. 

determined  with  precision  ;  and  "  spectrum  analysis," — the  name  de- 
voted to  this  new  and  already  fertile  branch  of  science, — teaches  us 
that  the  solar  atmosjjhere  contains,  in  the  metallic  state,  vapours  of 
sodium,  iron,  nickel,  copper,  zinc,  and  barium.  The  presence  of 
cobalt  is  doubtfuL  Tlie  presence  of  gold,  silver,  mercury,  lead, 
tin,  or  sUicium,  so  abundant  in  the  terrestrial  crust,  or  of  arsenic, 
antimon3%  strontimn,  cadmium,  or  lithium,  has  not  yet  been  proved. 
As  the  six  metals  of  the  first  series  exist  in  the  Smi's  atmosphere, 
they  must  also  exist  in  the  very  body  of  the  Sun, 

Here  we  have,  then,  a  wonderful  instance  of  a  celestial  body» 
separated  from  us  by  an  enormous  distance,  the  constituents  of  wliich 
are  studied  in  their  most  minute  detail, — analysed,  if  one  may  so  say, 

a  little  before  they  reach  the  limb,  when,  according  to  this  hypothesis,  they  should 
invariably  aotch  it. 
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with  the  same  cert^imty  as  if  they  were  put  into  one  of  the  crucibles  of 
our  chemical  laboratories.  We  shall  have  more  to  say  ulx)ut  spectrum 
analysis  when  wo  try  to  answer  the  queHtion,  **  What  is  a  star  ?  *'  * 

[But,  in  the  meantime,  we  may  point  out  what  our  re^idera 
have  doubtless  discovered  for  themselves,  that  these  theories  are 
antagonistic  in  the  main.  One  det;lares  for  a  cool  nucleus,  the 
other  tor  an  incandescent  one  ;  one  for  a  gaseous  photosphere,  the 
other  for  a  liquid  one ;  and  the  experiments  made  by  the  polariscope 
arc  apparently  negiitived  by  those  made  by  the  spectroscope. 
Again,  although  Wilson's  theory  accounts  for  the  telescopic  appear- 
ance of  gpota,  it  does  so  on  an  altogether  improbable  assumption  ; 
and  althouf^h  Kirchhoff 's  theory  is  more  in  liannony  with  our  present 
knowledge,  ho  supports  it  by  a  statement  m  to  the  spots  which  is 
justly  ridiculed  by  tdl  who  have  ever  ohser\^ed  the  Sun  through  a 
telescope.  But  are  they  entirely  antagonistic  ?  Here  M,  Faye  and 
Mr.  Herbert  Spencer  come  to  our  rescue ;  and,  in  spite  of  some  difler- 
ences  of  detail,  propound  an  explanation  of  the  observed  phenomena, 
which  certainly  is  in  advance  of  either  of  those  we  have  hitherto 
considered,  while,  ver}^  opportiinely,  the  Sun-pictures  taken  at  Kew 
have  put  in  a  mass  of  new  evidence  to  help  us  in  our  inquiries. 

The  first  important  point  in  this  new  evidence  is,  that  the  Sun 
himself  tells  us  that  his  spots  arc  ca%^ties  ;  this  supports  the  notion 
always  held  by  astronomers  and  strengthened  by  the  beaut i fid 
stereoscopic  combinations  suggested  by  De  La  Rue ;  it  also  equally 
upsets  an  important  statement  made  by  Kirchhofl'  Astronomers, 
doubtless,  woidd  have  sooner  asserted  the  small  mean  densit)^  of 
the  Sun  and  its  enormous  heat  in  support  of  the  evidence  of  their 
telescopes,  if  they  had  not  so  long  held  to  the  theory  of  the  co^:>l  and 
habitable  globe  underneath.  So  that  Arago^s  deduction  from  his 
experiments  on  the  polarization  of  the  Sun's  light — a  deduction  which 
supported  the  theory  of  the  gaseous  nature  of  the  photosphere  from  a 
new  ptyini  of  view — was  doubly  welcome, 

M.  Faye  \im  removed  the  grounds  for  Sir  John  HerscheFs  objec- 
tion to  this  experiment,  and  has  shown,  moreover,  that  it  can  be 
re*!oncilcd  with  Kirchhoff  *s  spectroscopic  one.  He  considers  the  forma- 
tion of  a  photosphere  to  he  a  simple  consequence  of  cooling,  and  looks 


♦  Acoording  to  the  rec-eat  experiments  of  Mitsclierlich  it  is  the  pure  metak, 
not  their  chemi€al  €ombinatii>iiSt  wliieh  exist  in  the  Bolur  atmosphere.  The 
bodies  which  support  coinbustinn,  such  as  oxygea  and  chlorine,  do  not  exist  in 
it,  or  if  thej  do,  thcj  are  mixed  with  combustible  bodies  in  a  state  of  dissociatioo, 
of  which  we  have  examples  when  these  bodies  are  raioed  to  a  very  high 
temperature. 
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Upon  it,  in  fact,  as  the  limit  which  separati^s  the  intense  heat  of  the 
interior  portions  of  the  Sun  from  the  vacuum  and  cold  of  space. 

From  this  point  of  view,  the  beautiful  experiments  of  Arago  and 
Kiix'hhoff  are  seen  to  be  no  longer  contradictory.  The  term  Incuff- 
desct'fit  gm  w^as  not  used  by  Arago  in  the  sense  attributed  to  it  now. 
The  flame  he  used  was  that  of  an  ordinary  gaB-jet,  and  not  the 
ohcftre  one  of  a  Bmisen*s  burner,  or  of  a  wimple  gas,  Incande&eent 
molecides  difiused  in  a  gaseous  medium,  itself  heated  to  a  high 
temperature,  give  a  continuous  spectrum,  with  the  exception  of  the 
dark  lines  due  to  the  absorption  of  the  medium. 

The  formation  of  the  photosphere  enables  us  to  account  for  the 
»]>ots  and  their  movements.  The  successive  layers  are  constantly 
traversed  by  vertical  currents,  both  ascending  and  descending.     In 
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Pig.  10.— Solar  cyclone,  Muy  6tli,  1857.    (SaccbJJ 

this  perpetual  agitation  wre  can  readily  imagine  that  where  the 
ascending  current  becomes  more  intense,  the  hmiinous  matter  of  the 
photosphere  is  momentarily  dissipated.  Through  this  kind  of  unveil- 
ing it  is  not  the  solid  cold  and  black  nucleus  of  the  Sun  that  we 
perceive,  but  the  internal  ambient,  gaseous  masjs,  of  which  the  radiating 
p>wer  at  the  temperature  of  the  most  vivid  incandescence  is  so  feeble, 
in  comparison  to  that  of  the  luminous  clouds  of  the  non- gaseous 
particles,  that  the  difference  of  these  powers  suffices  to  explain  the 
fitriking  contrast  bctw€*en  the  tw^o  tones  observed  in  our  telescopes* 

This  is  a  great  point  of  M.  Faye*8  theory*  although  one  open  to 
objection.     Let  us  now^  piSS  to  that  of  Mr.  Herbert  Spencer. 

M,  Faye,  as  we  have  seen,  considers  the  Sun  to  be  at  present  a 
gaseous  sphei*oid»  having  an  envelope  of  metallic  matters  precipitated 
in  the  hhape  of  luminous  cloud,  the  local  dispersions  of  which,  caused 
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by  currents  from  within,  appear  to  us  08  spots.  Mr.  Bpencer,  on  the 
contrary,  holda  thiit  li  liquid  lilin  exists  beneath  the  visible  photosphere. 
Mr.  Spencer^s  remarks  as  to  possible  euuses  of  solur  spots  ure  very 
valuable;  for,  whatever  theorj^  of  their  formation  be  the  true  one, 
it  is  eertain  that  the  rapid  formation  of  the  spots,  their  movements, 
and  their  diaiippeamnees,  indicate  meteorological  phenomena  on  the 
most  gigantic  scale,  of  which  the  imagination  can  scarcely  form  an 
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Fig.  SO.— <:h«)go  Iti  thttfM  of  ft  SuU'Bpot,  October  27,  2tfj  81,  and  l!!^oiv«mber  3.    (D&wos./ 

idea.  Immense  cyclonea  pass  over  the  surface  of  the  Sun  with  fearful 
mpidity,  as  is  rendered  evident  by  the  form  and  changes  of  certain 
gpots,  as  observed  by  Secchi  and  others*  In  one  instance^  recorded  by 
Mr.  Dawes,  the  rotation  of  a  spot  amounted  to  110^  in  .six  days. 

Here  also  (fig,  20),  in  a  series  of  sketches  representing  a  spot 
as  observed  by  Mr,  Dawea,  is  abundant  proof  of  the  mpidity  of  these 
movements.  The  form  here  indicates  clearly  the  cyclone^s  of  which 
we  are  about  to  speak  ;  although  in  a  manner  less  precise  than  in 
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tig.  19.     It  should,  however,  be  added,  thtit  tlie^e  cyclonic  spota  are 
^oDiewhat  rare. 

The  sjjot  figured  at  page  42,  also  afforded  remarkable  evidences  of 
rapid  ehaoge,  which  seems  to  put  the  cloudy  nature  of  the  Sun's 
photosphere  beyond  all  doubt.*  It  w^as  a  spot  of  the  normal 
character,  by  no  means  cyclonic,  but  with  a  tongue  of  what  appeared 
to  be  a  portion  of  facula,  stretching  half  way  into  the  spot.  A\Tieu 
the  observation  commenced,  about  half-past  eleven  on  the  date  given, 
the  tongue  of  facida  was  extremely  brilliant ;  by  one  oVdock,  it  had 
betuime  uppiirenfly  le.ss  brilliant  than  any  portion  of  the  jten umbra. 
At  the  same  time  it  seemed  to  be  '  giving  out,'  at  its  end,  and  a 
portion  of  the  umbra  between  it  and  the  penumbm  api)eared  to  be 

veiled  with  a  stratus  cloud  evolved  out  of  it. 
After  a  time,  condensation  seemetl  going  on 
on  the  foUowmg  portion  of  t!ie  chnidy  mass. 
8o  that  a  very  brilliant  mass  of  what  ap- 
peared to  be  fiicula  gi^adiially  melted  away 
/into  umbra,  and  then  tho  umbra  condensed 
again ;  three  or  four  cloud -masses  on  the 
Fiff.  21.— ciotid-nmascii  dotftcbing  inucr  odge  of  the  penumbra  were  observed 
themiwivoafrttothe  potmiub™,  ^Q  dctiich  thcmselves  from    it    at   different 

A  vory  faint  odg  at  F.  ^ 

isft6,  April  2,  i^  »cr,  (Lockyer.)  pomt8,  and  to  traversB  the  umbra  tow^ards 
the  centre  of  the  spot. 

It  ha^  long  been  taken  for  granted  that  there  are  upward  and 
downward  currents  on  tho  Sun,  And  this  down-rush  into  a  spot 
seems  proved,  for  the  first  time,  so  far  as  we  know,  by  the  observations 
to  which  we  are  alluding.  The  fact,  also,  that  this  down -rush  was 
accompanie^d  by  first  a  dimming  and  then  a  melting  of  the  cloud- 
masses  carried  down,  was  also  thought  to  be  established. t 

The  cloud-ma§8ea,  in  one  region  of  the  penumbra,  were  also  seen 
to  change  the  direction  of  their  longer  axes  in  about  three  quarters 
of  an  hour  w^ith  regard  to  the  centre  of  the  sjxit,  in  fact  they  turnetl 
round  bodily  through  a  considerable  angle.  Others,  projected  on  the 
umbra,  gradually  melted  away  out  of  sight.  One  cloud-mass  was 
distinctlj^  observed  to  set  sail»  as  it  were,  over  the  umbra,  and  it 


♦  "  ifoiithlj  Notices,  Royal  Astronomical  Society,"  1866,  p.  236, 
t  [While  this  book  is  paatiiDg  through  the  presa,  MeBsrs.  De  La  Rue,  Stewart, 
and  Loewy,  are  publishing  a  paper  in  which  a  new  theory  of  Sun-spots  is  dis- 
cussed, wliich  is  confirmed  by  the  ahove  observation  made  by  Mr.  Lockyer.  It 
seems  at  the  same  time  in  accordance  with  other  facts*  la  this  paper  alldifter- 
ences  of  luminosity  on  the  surface  of  the  Sun  are  referred  to  the  same  cause, 
namely,  the  presence  to  a  greater  or  less  extent  of  a  comparatively  cold  absorbing 
atmosphere. — B  SJ 
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had  travelled  si  considerable  distance  when  the  observations  werts 
terminated* 

It  would  seem  from  these  observations,  that  there  is  u  innning  down 
of  the  sha|H\  as  if  the  cloud-maaa  seen  on  the  general  surface  of  the 
Sun  were  gradually  cbuwn  out  in  its joumejing  towards  the  umbra, 

Mr.  8peneer»  basing  his  reasoning  on  terrestrial  analogies,  thus  ac* 
coimtts  for  the  spots.  The  central  region  of  u  cyclone  must  be  a  region 
of  rarefaction,  and  consequently  a  region  of  refrigeration.  In  an 
atmosphere  of  metallic  gases  rising  from  a  molten  sui^face,  and  reaching 
a  limit  af;  which  eondensiition  takes  place,  the  molecular  state,  especially 
towardfi  its  upper  part,  must  be  such  that  a  moderate  diminution  of 
density  and  fsdl  of  temperature  will  cause  precipitation  ;  that  is  to  say » 
the  ra relied  interior  of  a  solar  cyclone  will  be  filled  with  cloud  ;  con- 
densation, instead  of  taking  place  ordy  at  the  level  of  the  photosphere, 
will  here  rxlettfl  fo  a  great  flrpth  below  it.  It  will  be  seen  that  Mr. 
Spencer,  as  opposed  to  Xirchhoff,  not  only  accounts  for  the  formation 
of  a  cloud,  but  places  it  where  the  objections  made  to  Kirchhoff's 
clouds  do  not  hold  good.  He  next  shows  that  a  cloud  thus  occupying 
the  interior  of  a  cyclone  will  have  a  rotatory  motion  ;  and  this  accords 
with  observation.  Being  funnel-shaped,  as  analogy  warrants  us  in 
assuming,  its  central  parts  will  be  much  deeper  than  its  peripheral 
parts,  and  therefore  more  opaque.  This,  to<:>»  corresponds  with  obser- 
vation. Ntir  are  we,  on  this  h\"[>otbesis,  without  some  interpretation 
of  the  penumbra.  If  we  may  suppose  the  so-eallefl  *'  willow-leaves"— 
the  "  things  *'  on  the  Smi,  to  be  the  tops  of  the  currents  ascending  from 
the  Sun's  body,  what  changes  of  appearance  are  they  likely  to  un- 
dergo in  the  neighbourhood  of  a  cyclone?  For  some  distance 
round  a  cyclone  there  will  be  a  dra^nng-in  of  the  superficial  gases 
towards  the  vortex.  All  the  luminous  spaces  of  more  transparent 
clouds,  fonning  the  iidjacent  photosphere^  will  be  changed  in  shape 
by  these  centripetal  currents ;  they  will  be  greatly  elongated ;  and 
those  peculiar  aspects  which  the  penumbra  presents  will  so  be 
produced. 

We  must  now,  however,  pass  from  this  part,  of  our  subject— in- 
teresting as  it  is, — and  we  can  do  so  fidl  of  hope,  for  never  before 
was  it  engaging  the  attention  of  so  many  minds.] 


In  examining  with  care  the  contour  of  the  solar  disk  when  the 
Moon  interposes  between  it  and  the  Earth,  as  in  the  case  of  a  total 
eclipse,  there  have  been  observed  in  the  luminous  aureola  which 
envelopes  the  lunar  disk,  several  very  curious  prominences — some  in 
funn  of  mountains,  others  of  boomerangs,  others  resembling  columns, 
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the  upper  part  of  which  appeared  out  of  the  perj>endieular ;  others, 
again,  entirely  detached  from  the  disk,  seem  to  float  like  immense 
clouds  in  the  atmosphere  of  the  Sun. 

The  total  eclipse  of  the  18th  of  July,  1860,  has  furnished  the 
most  T?iLluable  infonnation  relating  to  these  strange  phenomena,  and 
it  may  be  seen  in  the  facsitaile  that  we  shall  give,  8ub8ei]uently, 
of  one  of  the  magnificent  photographs  taken  by  Mr,  Warren  De  La 
Rue,  what  was  the  aspect  of  the  reddish  prominences  we  have 
just  described.  Astronomers  hesitated  long  between  opposite  ex- 
planations, some  only  seeing  in  these  appearances  effects  pro- 
duced by  the  interposition  of  the  Moon,  others  believing  in  the 
objective  reality  of  these  phenomena,  and  looking  uiMin  them  as 
agglomerations  of  matter  resting  on  the  Sun,  or  sus|)ended  in 
the  external  atmosphere  which  surrounds  it  at  a  certain  distance. 
Now,  all  doubts  as  to  their  belonging  to  the  Sun  are  remo%t^l, 
but  we  are  not  much  nearer  to  an  explanation  of  them.  Some 
look  upon  them  as  clouds,  others  as  solar  aui*oiie.  Tlie  fact  that  they 
have  been  seen  all  round  the  limb  of  the  Moon,  that  they  exist  in 
all  regions  near  the  poles  in  the  same  manner  as  at  the  equator, 
would  seem  to  negative  all  idea  of  their  being  in  any  way  comieeted 
with  the  spots  or  with  the  causes  which  give  rise  to  them,  although 
at  first  the  opinion  was  entertained  by  some  that  they  were  in  some 
manner  correlated. 

Let  us  return,  in  order  to  finish  what  we  have  to  say  of  the  eon- 
lititution  of  the  Sun,  to  the  purely  physical  tacts  which  Astronomy 
has  set  forth. 

One  word  now  on  the  intensity  of  Sun-light,  This  intensity 
18  not  the  same  in  all  parts  of  the  disk.  The  edges  are  less  luminous 
than  the  centre,  and  Arago  valued  at  one- fortieth  the  diflerence 
of  their  intensity,  which  is  much  more  considerable  according  to 
other  astnniomers,  Faye  among  the  number. 

[This  f^ict,  fully  e^Jtablished  for  the  luminous  rays  given  out  by  the 
Sun,  applies  also  to  the  chemical  ones ;  but  with  this  difi'erenee,  that 
whereas  the  ligbt,  broadly  siJeaking,  diminishes  regularly  and  very 
gradually,  from  centre  to  border,  the  chemical  brightness  is  much 
more  "  patchy,"  so  to  speak-  Professor  Eoscoe,  by  receiving  the 
image  of  the  Sun  on  a  properly  prepired  photographic  plate,  has 
£>bserved  remarkable  differences  of  this  kind  ;  and,  with  Mr.  I)e  La 
Rue,  is  inclined  to  attribute  to  them  some  connexion  with  the 
phenomena  of  the  red  prominences  to  which  we  have  before  drawii 
attention.  The  latter  distinguished  physicist  is  not  without  hope  of 
rendering  them  visible  without  the  intervention  of  a  total  echpfie. 
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.  He  imagines  that  an  extension  of  his  beautiful  expcrinieiit  —  in  which 
he  combines  8un-picturcs  stereoscopically,  and  shows  the  fiieuli© 
to  be  above,  und  the  spots  below,  the  general  siirfarc, — will  enahlo 
him  to  ahow  the  so-called  red  flames  as  very  delicate  dark  markings 
on  the  more  brilliant  mottled  background  of  the  photosphere. 
Theae  delineations,  except  with  the  aid  of  the  stereoscope,  would 
be  confounded  with  the  other  iiKirkings  of  the  Sun's  surface,  but 
they  would  assume  their  true  aspect  and  stand  out  from  the  rest 
as  soon  as  two  suitable  photographic  pictures  were  viewed  by  the  aid 
of  that  instrument.] 

The  gradual  diminution  of  both  the  Sun's  luminous  and  chemical 
brightness  towards  the  limb  indicates  without  doubt  the  existence 
of  an  atmosphere  enveloping  the  body  to  a  great  distance*  And 
it  is  in  this  envelope^  as  we  have  said,  that  the  red  clouds  observed 
in  total  eclipses  float. 

According  to  Sir  W,  llersehel,  the  general  brightness  of  the  disk 
being  represented  hy  1000,  that  of  the  penumbra  is  not  more  than 
469,  and  that  of  the  darkest  jjortion  of  the  nucleus  as  low  as  7* 

Considered  in  t*aeh  of  these  points  of  view,  the  solar  light*  as 
it  arrives  on  the  surface  of  the  Earth,  is,  according  to  Arago,  at 
least  15,000  times  more  intense  than  the  flame  of  a  wax-candle. 
**  According  to  the  energy  of  the  battery  employed,"  he  adds 
(**  Astrunomie  ropulaire,"  ii.  p,  172)^  **  it  is  found  that  the  electric 
light  varies  in  intensity  from  a  fiftieth  part  to  a  quarter  of  that  of 
the  Sun/*     So  much  for  the  comparative  intensity  of  Sun-light, 

Compared  with  the  brig! it ii ess  of  the  full  Jloon,  the  light  of  the 
Sun,  according  to  Wollaston,  is  800,000  times  brighter  than  that  of 
the  lunar  disk  ;  in  other  words,  800,000  full  Moons  would  he  rccpiired 
in  the  heavens  to  produce  a  day  as  brilliant  as  that  illuminated 
by  a  cloudless  Sun. 

As  to  the  origin  of  this  light,  some,  as  we  have  seen,  attribute  it 
to  the  incandescence  of  a  gaseous  mass,  others  to  that  of  a  solid  or 
liquid  nucleus.  Other  savnnfs  again,  among  whom  we  must  clasvS 
Sir  J.  IIcrs4'hel,  regard  the  solar  light  as  having  an  eleetro-maguetic 
origin,  rather  than  arising  from  the  combustion  of  solid,  liquid,  or 
gaseous  matter  ;  it  is,  according  to  them,  u  perpetual  aurora. 

From  the  intensity  of  the  light,  let  us  pass  to  the  intensity  of 
solar  heat.  Without  any  doubt,  this  heat  must  be  enonnous  on  the 
surface  of  the  Sun ;  and,  if  we  base  our  estimation  on  the  law  of 
decrease  of  radiant  beat,  the  conclusion  is  arrived  at  that  its  intensity 
is  ahout  300,000  times  greater  than  that  of  (he  heat  rci^eivcd  on  a  given 
point  on  the  surface  of  the  Earth.     The  quantity  of  heat,  inct^ssantly 
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radiated  into  space  by  the  immense  focus  of  our  system,  liaft  abo  beeu 
calculated.  The  following  comparison  made  by  Sir  J.  Heracliel  will 
give  an  idea  of  its  calorilic  activity.  Let  us  imagine  a  cylindrical 
pillar  of  ice,  45  miles  in  diameter,  to  be  continually  darted  into 
the  8im,  and  that  the  water  produced  by  its  fusion  is  continually 
carried  off.  In  order  that  the  heat  given  off  constantly  by  radi- 
ation should  be  wholly  expended  on  its  hquefaction,  it  woidd  be 
necessary  to  plunge  the  cylinder  of  ice  into  the  Sun  with  the  velocity 
of  light,  or,  in  other  words,  the  heat  of  the  Sun  can,  without  diminish- 
ing its  infensityj  melt  in  a  second  of  time  a  pillar  of  ice  of  1590 
square  miles  at  its  base,  and  194,626  miles  in  height. 

As  with  the  Inminoiia  and  chemical  niys,  so  with  the  heat-rays 
there  is  a  diifercnce  in  the  culorific  inten^^ity  of  the  centre  and  limb, 
the  radiation  being  great-est  from  the  centre.  The  polar  regions,  also, 
are  colder  than  the  equatorial  ones  ;  and  Seech  1  ban  shown  that  less 
heat  is  radiated  from  the  spots  than  by  the  other  portions.  Sir  John 
Herschel  thinks  that  one  of  the  hemispheres  of  the  Sun  is  hotter 
than  the  op|M)site  one. 

It  has  been  held  that  there  exists  a  close  correlation  between  the 
periods  of  maximum  and  minimum  of  the  solar  spots  and  the  Earth's 
tempenitnre.  There  is  no  doubt  an  intimate  relation  existing  between 
them  and  the  Earth^s  magnetism.  This  has  been  proved  by  delicate 
researches  extending  over  a  long  period  of  years,  carried  on  by  such 
physicists  as  Major-General  Sabine  the  President  of  the  Koyal  Society 
of  London,  Schwabe  of  Dessau,  and  Wolf  of  Zurich, 

[Thus  wo  come  upon  another  bond  of  union  between  the  differ- 
ent  members  of  our  system  besides  gravitation,  and  there  is  good 
reason  for  believing  that  our  luminary  was  once  caught  in  the  act 
of  creating  a  magnetic  disturbance  on  our  Earth.  On  the  1st  of 
September,  1859,  two  astronomers,  Messrs.  Carrington  and  Hodgson, 
were  independently  observing  a  large  spot,  when  they  noticed  a  very 
bright  star  of  light  suddenly  break  out  over  it»  moving  with  great 
velocity  over  the  Sun's  surface.  At  the  same  moment  the  mag- 
netogniph  at  Kew,  where  all  the  changes  in  t!ie  Earth's  magnetism 
unceasingly  register  themselves,  was  violently  affect^.] 

A  question  of  great  interest,  of  which  a  solution  has  lately  been 
attempted,  is  that  of  the  permanence  or  the  decrciiso  of  the  solar 
heat  in  the  course  of  ages. 

A  philosopher  of  great  eminence — ^Professor  William  Thomson — 
has  enunciated  the  idea  that  the  solar  temperature  is  constantly 
sustained  by  a  fall  of  meteorites,  the  motion  of  which  is  transferred 
into  heat  at  the  moment  of  impact.     Whether  this  theory  be  true 
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[and  we  believe  Professor  Thomson  has  abandoned  it],  or  whether  * 
the  solar  globe  loses  its  heat  year  by  year,  it  is  perfectly  certain  that 
there  will  be  still  siifheient  heat  left  to  support  life  on  the  Earth  and 
the  other  planets  for  millions  of  years  to  come — a  perspective  view 
which  in  truth  is  somewhat  consoling. 

The  question  of  the  habitability  of  the  Sun  haa  al§o  been  agitated  ; 
on  the  hyjiothesis  which  makes  of  this  body  an  incandescent  globe,  the 
answer  can  only  be  in  the  negative.  We  have  no  idea  of  an  organized 
being  capable  of  living  in  a  temperature  so  enormous.  But  the  case 
is  altered  if  we  suppose  that  the  solar  globe  itself  is  neither  very 
luminous  nor  incandescent;  if  we  admit  that  it  can  be  protected 
against  the  radiation  of  the  photosphere  by  an  envelope  of  great  den- 
sity, which  absorbs  the  light,  and  is  at  the  same  time  a  non-conductor 
of  heat.  Arago  remarks,  "  If  any  one  were  to  ask  me  simply  the 
question,  Is  the  Sun  inhabited  J^  I  shoidd  answer  that  I  did  not 
know.  But,  if  he  asked  me  if  the  Sun  cotiM  be  inhabited  by  beings 
organised  in  a  manner  analogous  to  those  who  people  our  globe,  I 
should  not  hesitate  to  make  an  afiinnative  reply,** 

Questions  of  this  kind  will  never  be  resolved  categorically ;  their 
solution,  whatever  it  may  be,  will  remain  eternally  to  humanity  in 
the  domain  of  the  probable.  But  what  we  must  acknowledge,  what 
ought  to  strike  our  minds,  now  so  much  evidence  has  been  placed 
before  us,  is  the  varied  and  eontinuol  influence  of  the  Sun  on  the 
conditions  of  existence  on  the  surface  of  our  globe. 

He  act.s  on  the  Earth  by  his  mass,  whether  lie  maintains  it  in  its 
orbit  at  distances  the  vaiiation  of  which  is  regulated  by  inflexible 
laws,  or  combines  his  action  with  that  of  the  Moon,  to  produce  the 
semi-diurnal  oscillatory  movement  of  the  waters  of  the  ocean, — the 
tides.  The  heat  of  the  solar  rays  is  the  piincipal  cause  of  the  per- 
turbations of  equilibrium  of  the  atmospheric  strata.  It  is  that  which 
gives  rise  to  the  wind,  to  the  aerial  and  marine  currents,  to  the 
evaporation  of  the  water  of  the  rivei*s,  of  the  lakes,  of  the  sea,  and 
which  produces  a  continual  circulation  of  fluids  on  the  surface  of  the 
planet.  This  action  is  thus  found  to  be  the  cause  of  the  secular  mo- 
difications of  the  geological  strata,  by  the  slow  but  increasing  denu- 
dation of  the  rocks,  and  by  the  transport  of  material  due  to  currents. 
It  is  the  heat  and  the  light  of  the  Sun  which  everywhere  distribute 
life  to  the  beings  of  the  vegetable  and  animal  world.  "  At  one  time," 
says  Humboldt  in  his  Cosmos,  **  its  action  manifests  itself  tranquilly 
and  in  silence,  by  chemical  affinities,  and  determines  the  divers 
plienomena  of  life,  in  vegetables  by  the  endosmosis  of  the  cellular 
wall,  in  animals  in  the  tissue  of  the  muscular  and  nervous  fibres ; 
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at  another  it  fills  the  atmosphere  with  thunder,  waterspouts,  and 
hurricanes.  The  light- waves  do  not  act  only  on  the  world  of  matter ; 
they  do  not  confine  themselves  to  decomposing  and  recomposing 
substances  ;  they  do  not  merely  draw  from  the  bosom  of  the  Earth  the 
delicate  germs  of  plants,  and  develope  the  green  matter  or  chlorophyl 
in  the  leaves  ;  they  do  not  simply  tinge  the  odorous  flowers,  or  repeat 
thousands  and  thousands  of  times  the  image  of  the  Sun,  in  the  midst 
of  the  graceful  break  of  the  waves,  and  on  the  light  stems  of  the 
prairie,  bent  with  the  breath  of  the  winds.  The  light  of  heaven, 
according  to  its  varying  degrees  of  duration  and  brilliancy,  is  also 
in  mysterious  relation  with  the  inner  man,  with  the  develop- 
ment more  or  less  decided  of  his  faculties,  with  the  gay  or  melan- 
cholic disposition  of  his  mind.  This  is  what  Pliny  the  elder  referred 
to  in  these  words :  '  Cosli  tristitiam  discutit  sol,  et  humani  nubila 
animi  serenat"* 

*  ''  The  Sun  chases  sadness  from  the  sky,  and  dissipates  the  clouds  which 
darken  the  human  heart.*' 


BOOK  THE  SECOND. 


THE  PUNETS. 


We  have  seen  that  rnund  the  8im — that  imineiise  fcR'UR  of  Uj^lit  and 
heat — revolve  at  different  distances,  and  in  widely  varying  iH^ricKls, 
a  multitude  of  secondary  bodies,  and  among  them  our  Earth.  8cime- 
times  8olitarj%  sometimes  arranged  in  gronps  which  reprctduce  in 
miniature  the  solar  system  itself,  these  bodies  fonn  m  many  dis- 
tinct worlds,  of  which  the  dimensions,  distances,  movements,  fonn, 
structure,  and  physical  constitution,  deserve  a  separate  examination 
and  study* 

This  study  will  now  occupy  us.  The  numerous  phenomena  of 
which  these  worlds  are  the  theatre — phenomena  ohnerved  by  onr 
astronomers  as  each  planet  has  glidetl  past  us^not  only  make  us 
acquainted  with  the  mechanism  of  the  system  as  a  whole,  but  permit 
us  also  to  examine  somewhat  closely  into  the  details  of  the  physical 
organisation  of  each  of  these  bodies. 

If  wo  look  through  the  most  powerful  teleaeopes,  we  shall  see 
the  form  of  the  planets  and  their  characteristic  features ;  and  the 
markings  visible  on  their  disks  will  tell  us  if  they  rotate,  and  what 
is  the  dm'ation  of  their  day  and  night.  The  forms  and  dimensions  of 
the  orbits,  and  the  periods  of  revolution,  will  give  us  precise 
information  resi>ecting  the  succession  of  seasons  and  elimates,  and 
on  the  lengths  of  their  yeai^s.  Even  the  climatic  variations  will  be 
partly  revealed  to  us  by  the  degree  of  inclination  of  the  axis  of 
rotation  to  the  plane  in  which  the  Ixxly  moves  round  the  Smi, 

The  presence  of  satellites  will  not  offer  les.s  interest*  whether 
we  consider  the  partial  illumination  of  the  planet's  night,  eaused 
by  the  reflection  from  the  illuminated  faces  of  these — in  their 
tum — secondary   planets,    or  the   eclipses,  necessary  consequences, 
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occurring  more  or  less  frequently,  of  the  interposition  of  an  opaque 
body  between  the  illuminated  disk  of  the  planet  and  the  source  of 
light. 

We  shall  encounter  the  Earth  in  our  wanderings  through  the 
planetary  spaces.  The  study  of  the  astronomical  phenomena  which 
relate  to  it  will  afford  assistance  by  no  means  to  be  despised  in 
enabling  us  to  comprehend  the  analogies  and  differences  which  these 
phenomena  present  in  the  various  planetary  worlds. 

Starting,  then,  on  our  journey  from  the  Sun,  we  shall  visit  in 
succession  all  the  bodies  which  revolve  round  him,  following  the 
most  natural  order,  that  of  their  distances. 


METlCtlRY. 
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I. 


MERCURY. 

Apparent  Mrivemcut  and  Phases — Distances  from  the  iynn  and  Earth — Form  and 
Dimensions;  its  Transits  across  the  Sun's  Disk — Length  of  Day  and  Night, 
Seasons  and  Climates — Equatorial  Belts,  Atmosphere  and  Mountains  of  Mer- 
GiiTj — Mass,  Density,  and  Force  of  Gravity  on  ita  surface. 


When  the  sky  is  clear,  aod  the  atmosphere  at  the  horizon  is  not 
too  much  charged  with  vapour,  there  may  be  perceived  sometimes 
in  the  evening,  after  the  setting  of  the  eun,  a  star,  whose  brilliant 
twinkling  light  renders  it  conspieuous  in  the  ruddy  and  fuint  glimmer 
of  twilight.  Its  apparent  elevation  above  the  horizon,  at  first  Braall, 
increases  little  by  little  each  evening,  but  it  never  recedes  from  the 
Sun  more  than  *40^. 

This  star  is  the  plunet  Mercury. 

If  we  continue  to  observe  it  on  favourable  evenings,  it  will  be 
tjMien  finully  to  approach  the  Sun»  and,  lost  in  the  dazzling  bright- 
of  his  rays,  act  with  him. 

Some  days  after,  in  the  morning  before  sunrise,  the  same  star, 
again  emerging  from  the  Sun's  rays,  will  rise  earlier  and  curlier, 
mounting  day  by  day  to  a  higher  elevation  uhove  the  horizon ; 
the  maximum  of  this  to  the  east  will  be  precisely  equal  to  that 
it  formerly  attained  to  the  west.  At  last  it  begins  to  retrograde, 
approaching  the  8iin,  until  the  moment  when  it  again  disiippears  in 
his  rays.  Mercury  accomplishes  then,  in  this  manner,  a  complete 
revolution  round  the  Sun ;  to  us  it  appears  like  an  oscillation,  and 
one  which  it  repeats  eternally ;  its  duration  varies  between  100  and 
laO  days. 

The  ancients,  who  did  not  know  the  true  system  of  the  world, 
deceived  by  the  double  appeamnce  of  Mercury,  sometimes  after  the 
setting  and  sometimes  before  the  rising  of  the  Sun,  believed  at  first 
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that  two  distinct  bodies  were  in  question  ;  they  named  one  Apollo, 
god  of  day  utid  light,  and  tlie  other  Mereury,  god  of  thieves. 
The  Indians  imd  the  Egyptians*  also  gave  it  two  different  names. 
But  observers  reinurktKl,  at  lust,  tliut  one  only  of  the  two  Ixnlies  wa^ 
visible  at  the  same  time,  and  that  the  appearance  of  the  one  coineidetl 
very  nearly  with  the  disappearance  of  the  other.  To  eonelnde  their 
ideotitv  from  this  fart  wiis  not  a  difReidt  matter 


F\g.  S2.^PhaaM of  Monnrj-  whoji  neon  *fler  «uii»ot. 


If,  instead  of  confining  ourselves  to  naked-ey©  observations, — 
which,  by  the  way,  arc  by  no  means  easy — we  employ  a  teleseope  of 
pretty  high  raagnifyiTig  jxjwer,  it  will  be  found  that  the  form  of  the 
phi  net  varies  according  to  the  time  of  observation.  This  remark  also 
holds  good  with  its  apparent  size. 


Fi^^  :;:i.— PhoMcs  <"f  Mercury,  viheji  aeon  before  sri arises. 

Let  US  sjjeak  first  of  its  form.  Mercury,  in  the  course  of  one  of 
its  ostiDations,  presents  phases  c^ntirely  analogous  to  thtjse  of  our 
M<Mm.  It  is  at  first  a  linniniais  disk,  nearly  circular,  which,  by 
degrees,  is  rtduc^etl  on  the  side  towards  the  east,  mitil  not  nun^c  thiin 
a  half-circle  is  visible  at  the  peri<xl  of  its  greatest  apparent  distance 
frmn  the  Snu  ;  the  crescent  form  henceforward  charactcrisc^s  it  Tuore 
and  uiorc,  until  it  is  only  visible  as  a  tine  luminous  thread.     We  give 
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some  of  these  phases.  The  progressive  increase  of  its  apparent  dimen- 
sions is  also  shown  in  exact  proportion. 

The  same  appearances  are  obser\'ed,  but  in  an  inverse  order,  when 
Mercury  is  observed  during  the  period  in  which  he  is  a  morning  star. 

It  is  easy  to  account  for  these  facts  which  observations  have 
placed  before  us.     The  phases  prove  that  Mercury  has  the  form  of  a 


^"    (![) 


v^'-/ 


PiR.  24— Explanation  of  the  Phases  of  Mcrciirj*. 


spherical  globe,  which  is  not  self-limiinous. "  Its  movement  round 
the  Sun  places  it,  relatively  to  the  Earth,  in  a  series  of  very  different 
positions,  and  shows  us  portions,  sometimes  smaller,  sometimes  larger, 
of  its  illuminated  hall*.  The  same  movement  varies  its  distance  from 
the  Earth, — this  explains  the  variations  in  the  apparent  dimensions 
of  its  disk. 


DO  THE  SOLAR  SY^'EM, 

On  the  precetUng  page  is  a  diugntiii  of  the  positions  of  Mcrt*ur}'  in 
different  pails  of  its  orbit,  during  the  periwl  nf  tin  entire  o&t'illation 
compiired  to  the  sncressive  poi^itions  oceupied  by  the  Eurth. 

When  Mercury  is  in  the  same  direi^^tion  its  the  Sun,  we  say  that 
the  planet  is  in  vonjuncfmK  It  is  in  sttperior  conjunction  when 
beyond  the  Sim;  and  in  inferior  coiij unction  when  on  our  Hide  of  it. 
In  the  first  ciise,  it  turns  towards  us  its  briglit  hemisphere;  in  the 
second,  its  dark  one. 

If  the  Earth  itself  were  inmiovable,  the  interval  of  100  to 
130  days,  which  we  have  seen  to  be  the  iieriod  of  an  entire 
oscillation,  would  be  also  tlie  period  of  a  revolution  of  ilercur}'  round 
tlie  Sun,  But  it  is  easy  to  see  from  the  preceding  diagram,  tliat^ 
by  tlie  time  the  planet  has  returned  to  the  same  eonj unction  again, 
the  Earth  has  travelled  onwards  in  its  orbit,  and  Menmry  has, 
therefore,  accompli. slied  more  than  a  complete  revolution. 

In  reality,  the  time  of  a  revolution  of  Mercury  is  Iqss  than  that 
of  a  complete  oscillation ;  it  is  alxjut  88  of  our  days.* 

If  tlie  orbit  of  Mercury  Tverc  a  perfect  circle,  it^  distance  from  the 
Sun  would  not  vary.  But  it  is  known  that  the  orbits  described  by 
the  planets  are  ellipses — oval  curves  more  or  less  elongated,  (»f  which 
tlie  Sun  dfK?8  not  occupy  the  centre,  but  one  of  the  foci. 

Amongst  the  eight  principal  planets,  Jlercury^s  orbit  differs  most 
from  the  t  ircular  i\\rm.  Hence,  its  distances  from  the  Sun  arc  very 
variable.  While  at  its  gi*eatest  distance  from  the  central  body  its 
distance  is  4-1,475,000  miles,  it  approaches  at  its  least  flistan(^e  to 
w^itliin  29,300,000  miles,  the  diiferenee  Ixnng  over  15  millioiis  of 
miles.  In  each  of  its  revolutions  Merenrj^  traverses  little  less  than 
210  millions  of  miles. 

This  gives  a  velocity  of  2,400,000  miles  a-day,  100,000  miles  an 
hour,  and  finally  close  upon  28  miles  a  second. 

As  we  are  speakin<^  of  distances,  let  us  say  a  word  with  rcf^ard  to 
those  which  sepamte  Mercury  from  the  Earth.  These  vary  still  more 
than  those  we  have  before  mentioned  ;  and  this  can  easily  be  conceived, 
because,  firstly,  the  distance  of  the  planet  from  the  Sun  varies ;  and 
secondly,  l>ecuuse  Mercurv,  as  we  have  seen,  is  sometimes  between 


♦  More  exactly,  87  days  23  hours  15  minuter  Bad  46  seconds.  Such  is  the 
precii^ion  with  which  astronomers  have  flucceeded  in  measuring  celestial  pbeno- 
nieua.  Tliis  revohiLion  is  called  a  sidereal  revc^uitou  in  coDtrailiatiuftion  to  the 
**  synodic  revolution  "  hecause»  relatively  to  the  Sun,  the  planet  again  ncciipies 
the  name  portion  of  the  heavens.  By  the  s^ntxhe  revohttion  of  a  planet  is  ex- 
presjicd  the  intcrvml  of  time  taken  to  return  to  the  sarue  position  relatively  tn 
the  Sun  as  seen  from  the  Earth. 
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OUT  Earth  and  the  common  focua  j  and  sometimes  beyond  that  focus, 
— the  Sun. 

In  the  first  of  these  positions,  Meniiry  upproaches^  within 
49,223,000  mitcs,  while  in  the  Beeond  it  is  distant  KtJ.OUO.OOO  miles; 
these  distttnees  vary  in  the  ratio  of  one  t-o  three ;  and  its  nppan^nt 
diameter  changes  in  inverse  prriportion  to  those  nnmhers. 


*9lll*  Its. — Ap^ioreni  dlioetL&ions  of  ttio  dink  ot  Morcurj  at  iU  eztrana  and  nieui  dlotuioo* 

O-otn  the  EMth. 


Ab  to  its  real  dimanfflOiiB,  they  hare  heen  easily  determined  from 
the  two  elements  which  precede ;  we  allude,  on  the  one  hand,  to  the 
meaanre  of  its  apparent  diameter ;  on  the  other,  to  the  distance  of 
the  planet  from  the  Earth.  We  hence  derive  the  first  physical  datum 
relating  to  Mercury,  that  it  has  the  form  of  a  globe,  of  ^1089  miles 
in  diameter;  this  is  about  two-fifths  of  the  mean  diameter  of  the 
Earth.  Fig.  26  gives  an  exact  idea  of  the  relative  sizes  of  the  two 
planets. 


Farth 


Mtircnry. 


Fig.  2C=— The  suKs  of  Morcury  oomrftned  witU  Ui©  £Artb, 

TIcnce  it  follows  that  the  surface  of  llereury  is  nearly  six  times 
and  a  half  les«  than  that  of  our  dwelling-place ;  seventeen  ^lol)es, 
of  the  same  volume  as  Mercury,  would  be  required  to  equal  the 
volume  of  the  Karth. 

Is  Mercury  of  a  perfectly  spherical  fonn  ?  It  is  difficult  to  be 
[aasured  of  thi.s  in  observing  the  planet  in  its  phases.     The  bright- 
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nem    ui"    its    liglit    in   audi    that    prcei8e   measureft    are    extremely 

diifimilt.* 

AHtronomers   have   therefore   preferred  to   take   advantage   of  a 

phenojiienoii  which  occui-s  prefty  frequently^  and  sufficiently  so  to 

control  the  ohserviitions.    We  allude  to  the  passages,  or  transits,  of 

Mercury  across  the  >Sun*s  disk. 

It  must  be  hornc  in  mind  that  once  in  each  of  ita  revolutions  round 

the  Sun,  Mercurj*  pa«8e8  between  the  Earth  and  that  radiant  body. 
If  the  plane  in  which  the  planet  moves  were  identical  with  that 

of  the  teiTestrial  orbit,  thai   in  to   say,  coincided  with  it ;  at  each 

inferior  conjunct!  on 
Mercury  would  be  pro- 
jected on  the  Sun,  But 
this  is  not  the  case  j 
owing^  to  the  inclination 
of  the  plane  of  the  orbit 
of  Mercuiy  to  that  of 
our  Earth,  sometimes 
the  planet  is  thmwn 
above  the  solar  disk, 
sometimes  it  passes  be- 
low»  It  happens,  how- 
ever, occasionally,  that 
it  is  precisely  of  the 
same  appai^ent  height 
as  the  Sun,  Mercur}""  is 
then  seen  as  a  black 
round   spot,    traversing 

in  the  course  of  several  hours f  the  Sun/s  disk,  which  is  then  partially 

<K;lipsed.J 

The  sharpness  of  the  planet's  circular  form,  the  uniformity^  of  the 

*  la  1832,  Saturn  ami  Mercury  occupied  the  same  region  of  tbe  heavens, 
in  appearance,  that  m  to  say.  Accwnlingto  Beer  and  Mafller,  who  observed  them 
at  that  time,  **  Saturn  compared  to  Mercury  appeared  pale  and  without  brilUancy, 
Mercury  presented  a  variable  brightnesM,  and  remained  perfectly  visible  after 
the  rising  of  tbe  Sun,  whilst  Sattirn  disappeared  from  the  sight.  Mercury  was 
illuminated  a  little  more  than  half/' 

t  The  duration  of  the  transit  is  very  variable.  It  may  last  abotit  eight 
hours.  The  last  passage  took  place  on  the  12th  of  November,  166L  W©  may 
add  that  up  to  the  end  of  the  present  century  there  will  be  sis  others,  the 
first  of  which  will  take  place  on  the  5th  of  November,  186S.  The  transits  of 
Mercury  always  occur  in  May  or  November. 

X  **  The  first  of  these  observations  was  made  at  Paris,  by  Gassendi,  on  the 
7th  of  November,  1631 .  and.  as  mentioned  by  bim^  in  accordance  with  the  wish  ami 


Fig.  17.— Ti»aiJt«  of  Mercury  over  tlic  8un,  1'  iba  ISth 
November,  1861.  2"  the  5th  NovcraVwjr.  186S. 


MKRCLJUY, 


movement  of  the  black  spot  over  the  8uii,  and,  lastly,  the  tiinr  uf  iht^ 
tninsit,  are  circunistaiKjes  whirh  suffieiently  prevent  the  pheiiumena 
being  contuunde<l  with  those  of  solar  spots. 

Astronomers  have  chos<?n  the  favoiirable  occasions  ottered  by  these 
transits,  to  measure,  by  the  aid  of  micrometrical  instrmnents,  the 
apparent  diameter  of  Mercury,  from  which,  by  an  easy  calculation, 
they  have  been  able  to  detenniiie  it«  real  dimensions.  They  have,  at 
the  same  time,  observed  that  the  black  spot  wm  always  perfectly 
round,  that  is  to  say,  that  the  globe  shows  no  trace  of  flattening.* 

We  now  know  the  movement  of  Merciuy  routjd  the  Sun,  the 
time  of  its  revolution,  its  diBtaucea  from  the  Hiin  and  from  the  Kartli, 
and,  lastly*  its  dimension.s  in  diameter,  in  surface,  and  in  vnhime.  It 
only  remains  now  to  «peak  of  what  is  known  of  its  physical  con- 
stitution. The  facts  that  science  has  succeeded  in  gathering  on  this 
curious  and  important  point  of  the  monography  of  the  phtncts  ought 
to  present  a  lively  interest  to  us  all,  by  reason  of  tlie  likenes,s  or 
contrast  which  each  of  these  worlds  possesses  to  our  own.  The  munner 
in  which  liglit  and  heat  are  distributed  on  the  surfaces  of  the  plimctary 
bodies,  the  succession  of  their  days,  nights,  and  seastms,  the  existence 
or  the  want  of  an  atmosphere  like  oui^  ;  lastly,  the  surlace-markings 
that  the  telescope  has  permitted  us  to  observe  on  their  surfaces,  are  so 
many  valuable  particulars  w^hich  ennble  us  to  make  the  most  probable 
conj matures  on  the  organisation  of  the  living  beings  which  doubtless 
people  them.  Supported  by  such  positive  data,  imagination  can  then 
launch  boldly  into  the  liehl  of  conjecture. 

The  intensity  of  the  light  which  Merciu-y  receives  from  the  Sun, 
at  its  mean  distance,  is  nearly  seven  times  f  as  great  as  that  with 
which  our  globe  is  illuminated  under  the  same  conditions  of 
distance. 

It  IS  not  then  surprising  that  the  ancients  gave  Mercur}'  the  epithet 
of  **Twnnkler''  (ffr;>.j3wt).  This  is  not  all.  The  hnvs  goveniing  the 
propagation  of  radiant  heat  are  the  same  m  those  of  light,  Mercm'y 
then  receiver  seven  times  more  heat  than  the  Earth,  or,  more  properly, 
a  heat  the  intensity  of  which  is  in  the  mean  seven  times  as  greiit. 

To  judge  by  the  impression   ivhieh  the  light- rays  miike  on  our 

suggestion  of  Kepler^  for  Kepler  bad  predicted  tbia  transit,  and  bad  prititod  or 
written  on  it  tbe  preceding  year,  wbicb  was  that  of  his  death." — D\ilenibert« 
Encydopetdia. 

♦  A  single  observation  of  this  kind  would  not  always  be  conclusive,  since 
Mercury  might  be  m  such  a  position  as  Uy  present  to  us  one  of  its  poles  of 
ii:>tation.  Beaidea,  the  flattening  might  bo  ao  slight  aij  not  to  be  measunible  at 
this  distance. 

t  Exactly,  ii'^l. 
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eyes^  seeing  that  wu  caiiiK^t  bear  their  duzzliiig  briglitness  wiiLout 
piiin,  and,  ngtiiu^  by  thjit  wliieb  tbry  iiinkf  on  oiLir  IkhIv  whc^ii  it 
IS  frill ijet'tixl  to  tbeir  influeiiw,  tbo  iiibiibituuts  of  ^[eruury  dunilt! 
1h^  extremely  uncomfurtabIe>  But  ure  they  formed  like  im?  and 
hiive  their  senses  the  same  degree  of  impressionability  ?  We  know 
not.  Variations  of  toinperitture  are  also  disagreeable  (o  ujh.  In 
tliis  respeet,  again,  we  must  own  that  the  inhabitants  of  Mercury 
liave  more  to  suilbr  than  wo.  U\\4ng  to  the  planet's  elongated  orbit, 
we  have  seen  that  sometimes  it  recedes  from,  and  worn et tin es  apj} roue hes, 
tlie  Sun,  and  that  the  difference  between  the  extreme  ciistanees  amounts 
to  fifteen  millions  of  miles.  80  that  whilst  at  aphelion,*  the  intensity 
of  t lie  luminous  and  lieat-iny«  is  no  more  than  four  times  and  a  half 
that  of  the  ray**  rt^eived  by  the  Earth;  at  peribelion,  on  the  contrary, 
it  rises  to  more  than  ten  times  the  same  qiumf ity. 

Ijastly,  and  this  adds  sdll  more  to  the  contrasts  of  temperature, 
the  variations  occur  in  a  periml  of  time  less  than  a  quai-ter  of  one 
of  our  terrestrial  years.  Presently,  we  shall  see  that  the  seasons 
present  still  greater  anomalies. 

We  must  not  forget,  however,  that  one  circumstaiice  may  modify 
all  this  to  an  extent  sufficient  to  render  the  conditions  of  vegetable 

and  animal   life   in  Mercury   either 
1      similar  to  0111*  own  or  more  different 
^^^^^^  still.     This  circumstance  is  the  ex- 
^^^^^^^^^k  isteuee  or  absence  of  a  gaseous  or 
^^^^^^^^^^  vajx>rous  envelope, — iii   a  word,  of 
^^^^^^^                   an  atmosphere.    Has  Mercury,  then, 
^^^^^^K^B             an  atmosphere  F    According  to  many 
^^^^^^^^^^m  astronomery,  Mercury  presented  the 
^^^^^^^y^  following    aspect    (fig,    28)    in    its 
^^^^^^  transit  (1799)  across  the  solar  disk. 
,       Instead  of  a  black  round  spot,  per- 
fectly clear  and  well  defined,  there 

Y\g  '28  —  AdjMSct  of  the  di*k  of  Moitniry  during  *  j       i         t   i         ji      i 

itfl  tnu»»it  ov«r  the  Sun.  7tk  Muy,  HPft.  was  8oen  all  round  the  disk  01  the 
Jr^JIu^j  "^^  ""^''^  '"'"*'  "'''^''  Ptai^^t  a  circular  band  less  luminous 

than  the  rest  of  the  surface  of  the 

iSun,  forming  a  sort  of  nebulous  ring.      It  was  thence  inferred  that 

there  existcil  a  very  high  and  dense  atmosphere.     Recent  obsen^ers 

(have  not  seen  anything  like  it.     But,  on  the  other  hand,  they  have 


*  Aphdi&n — the  greatest  distance  of  a  body  from  the  Sun ;  from  ««■«  /rom,  and 
nXmthe^un.  Perihdion — least  distance  ;  from  flrifi  ?wjarfo,and  flA.Mf,  If  the  orbit 
of  a  b<>dy  were  rigidly  circular,  we  should  have  neither  aphehon  uqt  perihelion 
points. 
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remark€>d  in  the  phases  of  the  phinet,  that  the  line  of  separation  of 
the  light  atid  shiide,  whieh  fistroTiomer«  esill  tbe  tenninator^  is  never 
very  decided,  »o  that  the  breiidth  of  the  luminous  part  seemed 
diminished,  "  Hence,"  say  Beer  and  Madler,  '*  we  may  conclude 
that  Mercury  has  a  pretty  sensible  atmosphere/* 

K  this  be  so,  we  can  form  an  idea  of  the  modifications  which  a 
somewhat  dense  atmosphere  would  induce  in  the  intensity  of  the  light 
and  heat,  by  comparing  the  days  when  on  our  Earth  the  sky  i^  tOear 
and  without  clouds — when  the  Sun  darts  its  raya  on  the  surface  with- 
out obstacle,  with  the  dark  and  dull  da^'s  when  the  clouds  completely 
hide  him  from  us.  The  density  of  the  atmospheric  envelope  we  see 
then  can  strikingly  change  the  eflects  of  sohir  radiation.  Let  us 
compare,  for  inBtance,  the  tcmjx'rature  of  one  of  our  valleys  with  that 
of  the  mountainous  smumits  which  surrotmd  it.  It  is  like  passing 
from  summer  to  the  cold  of  winter,  from  the  burning  heat  of  July  to 
the  frost  of  November,  and  y^t  the  Sun  shines  alike  on  the  mountains 
and  on  the  valley. 

Finally,  the  chemical  composition  of  the  atmosphere  of  ilercury* 
the  nature  of  the  gases  of  which  it  is  formed,  and  which  are  perhaps 
very  different  from  the  nitrogen  and  oxygen  of  our  air,  are  also 
features  which  may  influence  the  climate  of  the  planet;  conueming 
these  matters  we  have  no  data.  Let  us  confine  ourselves,  then, 
to  describe  the  astronomical  phenomena  of  which  the  influence  is 
incontestable. 

In  the  first  place,  let  us  consider  the  length  of  the  day.  Mercurj^ 
turns  on  its  axis  in  24  hours  and  5J  minutes,  and  his  year  comprises 
87^  of  these  sidereal  rotations.  The  number  of  his  solar  days  in  this 
period  is  therefore  86^,  whence  results  as  the  length  of  one  of  them 
24  hours  and  54  seconds.  Tliia  is  nearly  the  length  of  one  of  our 
own  solar  days,  so  that  the  organised  beings  of  the  two  planets  hwvo 
the  same  periods  of  light  and  darkness,  of  activity  and  re|j<jse.  But 
the  relative  length  of  the  days  and  nights  in  the  course  of  tbe  entire 
year  is  much  more  %^ariahle  than  on  the  Earth,  owing  to  the  great 
inclination  of  the  axis  of  Mc^rcury  to  the  ijhine  of  its  orbit. 

Fig.  2D  shows,  according  to  the  old  observers,  at  what  angle 
Mercury  presents  itself  to  the  Sun  at  the  commencement  of  each  of 
its  seasons. 

Very  extensive  zones  around  the  two  poles  enjoy  at  one  season, 
during  their  summer,  continuous  day  ;  at  another,  during  their  i^dnter, 
thev  are  plunged  in  profound  darkness.  It  is  only  during  a  short 
period  and  near  the  planet's  equinoxes,  that  these  zones  see  light  and 
darkness  succeed  in  the  interval  of  the  same  day. 


The  glacial  and  torrid  zones  are  not  distinct  on  MtTuiin%  and 
tenipenito  climate8  do  not  exiist,  or  ratber  their  zones  chanji^  <heir 
character  twice  during  each  revuhition.  Tho  equatorial  region.^  alone 
have  the  advantage  of  possessing  all  the  yeiir,  day  and  night»  light 
and  darkness,  and  of  experiencing  hen  t  during  the  day,  cold  li  ml  ndin 
daring  the  night.  It  ia  true,  however,  that  if  the  8un  towards  I  he 
equinoxes  rises  as  far  as  the  zenith,  it  descends  nearly  to  the  horizon 
in  the  extreme  seasons. 

We  have  said  above,  that  the  orbit  of  Mercury  is  very  elongated, 
or,  in  astronomical  language,  that  its  excentricity  *  is  considembk'. 
It  results  that  the  seasons  in  Mercuiy  arc  of  very  unequal  dura  I  ion, 


I 
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and,  seeing  that,  according  as  we  consider  the  northern  or  the  southern 
hemisphere,  the  spring  and  the  summer  of  the  one  are  the  autumn 
and  the  winter  of  the  other,  a  like  inequality  should  exist  between 
the  extixnne  temperatures  of  the  two  hemiKpheres- 

The  great  proximity  of  Mercury  to  the  solar  rays  renders  the 


*  We  have  alreauly  remarked  that  it  is  not  in  the  centre  of  the  oval  curve 
traversed  by  each  planet  that  the  Sun  in  situated »  but  in  a  jKjint  by  so  much 
more  distant  from  this  centre  aa  the  cur\*e  is  more  clongfttecL  The  name  of 
twcetifrkiti/  is  given  to  the  distance  between  these  two  points,  compared  to  the 
half  of  the  greatest  diameter  of  the  orhit.  Let  m  add  that  the  place  where  the 
Siiii  ift,  is  called  ihe/ocu4  of  the  curve^  and  rliat  the  l«^us  is  always  one  of  those 
iK)int«  in  the  greater  diameter  to  which  we  have  alhtdecl 
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observation  of  tlio  pknot  somewhat  diflBeult;  very  little^  therefore, 
is  known  of  its  surtare,      One  diligent  nhnerv^er,   Si*hr6ter,  at   the 
end  of  the  la.it  centuiy,  was  able,  how- 
ever, to  observe  some  dark  bands  on  it» 
disk  (fig.   30),    whi<.'h    he   eansidcriHl    as 
iin  equatorial  zone;  it  was  fruni  the  di- 
rection of  these  hands  that    he  de^diieed 
the  iucliniition   of   the   axis   of  rotutiun. 
Besidt*s  thijj,  during  the  crc^eent  pliases 
many    observers     (Sehroter,    Beer     and 
Madler)    have  seen   indentations    whieh 
make  the  line  of  sepurution  of  Hghl  and 
shade  appear  iagj^ed  ;  thev  also  ohserveil    Fi«  ao -EquatoHaUiMjci  »f  iitreury. 
that  the  southern  horn  of  the   eresc^ent 

was  truneatetl  (fig,  31).  These  markings  were  not  always  visible, 
but  disappeured,  to  ^how  themselves  anew  at  intervals,  the  peri- 
odicity  of  whieh  has  enabled  us    to  determine  the  period  of  rotn- 


Ptg,  :jl  — rrOM  .  It  -I  >!rtTiiir>%  ulinwinfj  Irregularitleanti  tho  terra  mator  and  the 
truiicnlioji  of  the  Soutbem  Horn.    C8chr0t«r.) 

tion  of  Mercun%  They  evirlently  indicate  the  existence  of  high 
mountains,  whieh  intei-rept  the  light  of  the  Sun,  and  of  valleys 
phmgcxl  in  shade,  whieh  lie  near  the  parts  nf  the  surfaee  of  the  plane! 
then  illuminated. 

Jlercury,  therefore,  has  mountuins.  The  measurement  of  tho 
amount  of  truneation  of  the  crescent,  has  also  shown  tlie  height  of 
one  of  them,  and  if  this  measure  is  not  exaggenited  it  is  not  less 
than  the  733rd  part  of  the  diameter  of  the  phmet ;  that  is  more  than 
eleven  miles !  Now  tho  highest  mountain  known  on  the  Earth, 
Oaarisiinkcir  of  the  Ilimahiva,  is  not  more  than  29,000  iovi  in  vertical 
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boiglit ;  this  giurit  uf  terro-struil  mountain.^,  therefore,  does  not  rise 
uIkivc  the  sea-level  ifiure  than  the  ^V^^jtli  part  of  the  Earth's 
diimieter. 

Schroter,  when  examining  Meretirv^  during  its  transit  over  the 
Sun  on  the  7th  of  May,  1799,  naw,  or  helievtHl  that  he  m\\\  on  the 
black  disk  of  the  planet  u  luminous  point.  It  has  been  eoneludtHl 
fi'om  this  observation*  which  has  not  however  been  eonfirmed,  that 
there  exist  on  the  surfaee  of  Mereurj^  aetive  volciinoew.  This  would 
be  another  analogy  between  the  phyii^ieal  eonstitutiun  ol"  this  phmet 
and  that  of  the  Earth, 

We  huve  alreudy  ftaid,  in  sjieaking  of  the  Sun,  that  astronomical 
science  has  suci-eeded  in  ascertaining  the  nnunses,  or  the  relative  weights, 
of  the  celestial  bodies  of  the  solar  system.  The  mass  of  Mercury 
is  such  that  4,Hij(),000  globes  of  the  same  weight  as  its  own  woidd 
be  required  to  balanee  the  mass  of  the  Sun.  As  the  latter  is  itself 
354,9^i(j  times  as  heavy  as  the  mass  of  the  Earth,  it  follows  that  the 
weight  of  Mercurj^  is  the  i^y'^  tha,  or  more  simply  foiir-tifths,  of  the 
weight  of  our  globe.  In  comparing  these  numbers  with  those  which 
mca.Hure  the  volimies  of  the  two  platiels,  it  is  foiuid  that  the  matter  of 
which  Mercury  is  formed  is  much  denser  than  that  of  which  the 
Earth  is  composed.  Its  density  is  half  as  much  again.  It  lies  be- 
tween the  specitic   gravity  of  iron  and  copper.  .  .  . 

Lastly,  there  is  another  physical  fact  which  we  must  take  into 
account  if  we  would  fonn  an  idea  of  the  beings  which  people  the 
planets  of  the  solar  system.  We  refer  to  the  force  of  gravity  on 
the  surface.  The  influence  of  this  force  is  all-important ;  according 
as  its  intensity  is  greater  or  less,  the  muscular  movements,  for  ex- 
ample, are  more  or  less  difficult,  requiring  an  expenditure  of  force 
more  or  less  considerable.  According  to  the  most  recent  detenni- 
nations,  the  force  of  gravity  on  Mercury  is  but  three-fifths  of  what  it 
is  on  the  Earth.  To  simi  up»  By  the  aid  of  all  the  astronoinical, 
physical,  and  meteorological,  data  which  we  have  reviewed  in  this 
study  of  Mercury,  and  compared  w^th  tlie  coiTesponding  elements  of 
the  terrestrial  globe,  it  has  been  possible  for  us  to  point  out  both  the 
resemblances  and  dilferences  of  these  two  worlds,  revolving  in  regions 
of  the  heavens,  which  are,  after  all,  near  each  other,  when  we  consider 
the  extent  of  the  whole  planetary  system. 


VKNl!i>.  to 
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VENUS. 

Distance  from  the  Sun — Apparent  and  real  Movements ;  Form  of  the  Orbit — 
Distance  of  Venus  from  the  Earth — Real  Dimensions,  Form,  and  Surface- 
markings  ;  Rotation — Day  and  Night  on  Venus ;  Atmosphere,  Seasons,  and 
Climates — Physical  Constitution. 

The  two  planets  nearest  to  the  Earth — Mars  and  Venus,  are  precisely 
those  which  present  the  most  striking  analogies  to  it ;  Mars  especially, 
which  we  have  more  particularly  studied.  This  fact  is  a  very  natural 
one,  and  it  will  appear  to  us  still  more  so  when  we  try  to  form  an 
idea  of  the  origin  of  the  system,  according  to  the  views  of  Laplace. 
For  the  present  let  us  study  in  detail  the  various  phenomena  which 
each  planet  in  turn  presents  to  us. 

Mercury  is  the  first  planet  which  we  encountered  on  leaving  the 
Sun.  Venus  comes  after  Mercury  in  the  order  of  distance,  whilst  of 
all  the  principal  planets  Mercury  is  that  which  describes  an  orbit 
of  the  most  elongated  form,  and  that  by  very  much.  Venus,  on 
the  contrary,  moves  in  an  orbit  the  form  of  which  approaches  nearest 
to  a  perfect  circle.  There  is  not  between  its  greatest  and  least  dis- 
tances from  the  Sun — between  its  aphelion  and  its  perihelion,  to  use 
the  language  of  astronomers — a  difierence  equal  to  the  ji^th  part 
of  the  maximum  distance. 

The  mean  distance  of  Venus  from  the  Sun  is  68,932,000  miles  ; 
its  maximimi  distance  is  69,405,000  miles ;  and  when  nearest  to  the 
Sun,  it  is  still  removed  from  him  68,459,000  miles. 

What  is  the  result  of  this  quasi  equality  in  the  movement  of 
Venus  p.  It  is,  that  the  quantity  of  Kght  and  heat  which  it  receives 
from  the  Sun  varies  little  in  the  difierent  points  of  its  orbit ;  or,  what 
comes  to  the  same  thing,  in  the  difierent  seasons  of  its  year.     Yet, 
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this  quuutity  is  still  neiirly  double  in  intensity  that  whit'h  our  globe 
recoiven, — a  fact  we  must  tiike  into  account  when  we  treiit  on  the 
physieal  constitution  of  the  phinets. 

Venns,  like  Merciin\  is  sometimea  an  tnening,  sometimes  n 
moTnin^  star.  It  appears  to  us  to  oscnllate  in  the  same  immner 
roand  the  ?Suii.  But  the  amplitude  and  the  tluration  of  its  periiMlieal 
oseillalioiis  are  much  greater.  TIius,  in  that  part  of  its  apparent 
orbit  in  which  it  reeefh\s  eat*h  e\'ening  from  the  setting  Sun,  it 
advances  at  its  maximum  eastern  elongation  to  a  distiince  of  4H'^, 
while  that  of  Mercury  is  29*^.  When  in  the  morning  before  suih 
rising,  it  gradually  baves  that  body,  its  maximum  westerti  elongation 
attains  the  same  value. 

Who  does  not  know  the  Shepherd *8  Star  ?  Who  has  not  contem- 
plated its  soft  and  brilliant  light,  rarely  twinkling,  and  Intense  enough 
at  times  to  etist  shadow?*?  Wliere  a  light  elond  veils  that  portion  of 
the  sky  oi*eupied  by  the  planet,  a  pretty  strong  glimmer  will  still 
indicate  its  position  in  the  centre  of  the  luminous  ring  formed  by  the 
illumiiuited  Ttiolecules  of  the  interjx>8ing  cloud.  The  brilliancy  of  this 
planet  is,  indeed,  sometimes  so  intense  that  in  a  very  clear  sky  it  is 
visible  t>y  day. 

The  evening  star  reeeive<l  fnnn  the  ancients  the  name  of  Vesper, 
whilst  they  gave  to  the  morning  star  the  name  of  Lucifer.  The 
same  error  which  led  them  to  double  Mercury  —  if  we  may  be  allowed 
the  expression,^ — nuide  them  see  in  Venus  also  two  distinet  bodies. 
But  they  at  length  recognised  the  identity  of  the  two  stars,  and  Venus 
eventually  replaced  Vesper  and  Lucifer, 

Venus  lakes  5H4  days  to  accomplish  an  entire  oscUlation,  At 
the  end  of  this  time,  it  is  again  found  in  an  identical  position  with 
regard  to  the  Sun  and  the  Karth,  and  recomnienees  this  apparent 
movement  round  the  central  hod3% 

This  sinularity  in  the  apparent  movements  of  the  two  planets 
nearest  to  the  Sun  would  lead  us  to  inter  that  their  real  mi^venients 
are  similar.  This  is  the  ease.  Venus  descrilx^s  roimd  the  Sun  a 
curve  entirely  enclosed  by  the  orbit  of  the  Earth, 

Acctirdingly,  when,  instead  of  observing  it  with  the  naked  eye  we 
use  a  telescope  of  considerable  magnifWng  power,  we  peR*eive  that  it 
presents  phases  *  like  Mercury,  and  that,  like  this  latter  planet,  its 
ap]mrent  dimensions  vary  as  in  its  movement  it  riTc<les  from  or 
appmaches  our  Earth,  Wo  ntM}d  not  here  repeat  the  explanations 
that  we  gave  in  the  case  of  Mereury,  iiuismuch  as  tliey  would  be 
quite  identicfil  fnr  Vonus, 

Gall  loo  rciHigrnscd  thciu  first. 
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We  muBt  not  f  on  found  tlie  period  of  a  complete  oscillution  of 
Venus  with  the  jMTiod  of  its  real  reYoliition.  As  the  Earth  moves 
at  the  siime  time  and  in  the  same  direction,  the  planet  requires  in 
reality  much  more  time  to  return  to  the  same  poisition  rehitively 
to  the  Sim  and  the  Earth  than  to  accomplisli  an  entire  revolution,  or, 
as  it  may  be  expressed,  to  return  to  the  same  part  of  its  orhit.  So, 
while  the  sjTiodie  revolution  of  Venus  is  aoeomplislied  in  about 
584  dayit,  its  sidereal  revolution  requires  only  2*25  days  (224*^  IC*^ 
^gm  Y*)^  or  lesa  than  ^ths  of  one  of  our  years*  In  this  interval,  the 
distance  which  it  travels  is  upwards  of  4ril)  millions  of  miles,  so  that 
it«  mean  velocity  is  80,000  miles  an  hour,  or  nearly  22  miles  a  sc^cond, 
We  have  seen  already  that  Mercury  travels  at  the  rate  of  t^8  miles 
a  second ;  the  c^eneralization  of  thes§e  facts  will  show  us  that  the 
velocity  of  the  planets  decreases  as  we  advance  from  the  common 
centre  of  their  movements. 

Viewed  from  the  mean  distance  of  Venus,  the  disk   of  the  Sun 
seems  nearly  double  (in  sur* 
face)  its  appai-ent  size  a*  seen 
from  the  Earth,     (See  fig.  2,  f^^^-^ 

p.  24.)  '     ^  y  ' 

A  word  now  on  the  dif- 
ferent distances  which  sepa- 
rate the  two  planets  when  in 
various  positions  in  their  < am- 
bits. 

WTien  Venus  is  between 
the  Sun  and  the  Earth,  it  is 
obviously  nearest  to  us ;  and 
when  it  is  beyond  the  Sun^ 
it  is  farthest  fn>m  us. 

In  the  first  case,  to  know 
the  dislance  Ix^tween  the  two 
planets,  we  must  find  the 
difference  of  their  distances 
from  the  Sun  ;  in  the  second, 
wo  must  lidd  them  tog:t'ther. 
But  let  us  say  once  for  all, 

in  respect  of  Venus  as  in  respect  of  the  other  bodies  of  the  system, 
that  as  the  orbits  are  not  circles,  but  ellipses  or  ovals,  there  is  fur 
each  of  the  two  cases  a  maximum  and  a  minimum.  We  will  dwell 
u]x>n  these  details  when  their  importance  renders  it  nei^essar}% 

The  greatest  distance  of  Venus  from  the  Earth   varies  between 
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Fig.  IVi, — SttjKjHor  niu]  iinferior  coiyiifiction  oT  Ven«m. 
Grc^tvat  iind  least  (1111101  k-c>  troiu  the  £)irt)i. 


Fig.  at.— Com]»uativi9  dimoiuuoaa  ol  Veotu  i&ud  tha  &vrth. 

distance,   m  that  it  is  in  the  intermediate   phases  that  it  is   most 
distinctly  \dHihle  and  its  lij^ht  most  brilliant. 

From  figure  33  we  can  niiderstand  l)oth  the  change  in  the  op- 
parent  size,  and  in  the  degree  of  illumination  of  its  diak  at  its 
extreme  and  mean  distances  from  the  Earth.  Tlie  diameter  varies 
nearly  iu  the  prdjiortion  of  the  numbers  IQ,  18,  and  ii5. 


Wlieii  botli  the  distance  of  un  objwt  and  its  iippijmit  size  are 
kmiwii^  Tinltiiiig  is  easier^  an  alnsKly  reiniirked,  than  io  detcniiiiie  its 
real  dimoLLsioiis.  It  has  bc^eii  caleulated*  that  the  diameter  of  the 
globe  of  Veil  Its  iiieaBures  8108niile«,  which  is  within  the  p  igoth  part 
of  that  of  the  Earth,  The  dimensions  in  vohiincMUid  snriace  also  differ 
very  little  fix)in  those  of  the  terrestrial  .spheroid.  But  up  to  the 
present  time  no  perceptible  polar  eompre^ion  has  beeu  observed. 

This  last  result  is  not  at  all  astonishing,  for  if  such  ii  flattening 
really  existed,  if  it  ilid  not  excised  that  of  the  terrestrial  jrdes,  even 
the  most  delicate  measiires  would  not  be  nble  to  detect  it.  Although 
Venui?  18  one  of  the  nearest  planets  to  the  Earth,  astronomers  have 
experienced  great  difficulty  in  measuring  its  apparent  diiiiaeter  in  a 
precise  maimer.     This  is  owing  to  the  astonishing  brilliancy  of  the 


Fig  35,— Effcit  ul  Imiiliatioii, 

light  of  Venus,  and  to  the  irradiation f  which  is  produced  in  its 
image  in  our  instruments— a  cause  of  error  which  it  is  very  difficult 
to  estimate.  Ilnw^  can  w^e  then  lie  astoiiished  if  we  are  not  sui'e  of  itj^ 
diameter  within  the  7|^•Jth  part? 

If  the  fltittening  of  the  globe  of  the  planet  is  unknown,  this  is  not 
the  case  with  the  period  of  its  rotation*  although  its  determination 
*  has  also  necessitated  very  delicate  observations, 

Venus  tnrns  on  itself  in  2 ^i  hoars  21  minutes  23  se<*nnds.  That  is 
n  pttriod  less  than  that  of  the  rotation  of  the  Kartb  by  ♦IS  minutes  only. 

*  By  Sir  W.  riei-schel^  Arugo,  Beer  and  Jlii<ller,  &c, 

+  The  ctft-ct  of  irradiatioa  may  be  observed  ia  fig.  35,  If  two  circles,  one  of 
which  is  black,  the  other  white  on  a  l>la<:^k  grouiK]^  ai'c  examined,  it  will  Ijc  seen 
that  the  hist  seems  pcrcciitil>ly  Inrger ;  and  aever-tlieles.s  their  flifimeters  are 
rigorrni<«ly  tlie  satiie*  Thif*  ettl-ct  ia  by  so  much  the  more  perc<u'i»tible  a«  the 
light  of  the  ohjt'ct  irt  moro  intetiBC. 


bo  observed  on  its  di-nk.  .Although  the  number  be  found  is  rom- 
pletcly  at  varianee  with  the  recognised  and  adopted  peritxl,  bis 
observations,  nevertbelesj*!,  have  their  vahae,  an  they  give  an  idea  of 
the  leaturcft  wliich  distinguish  the  surface  of  the  planet. f 

*  I),  fl-nd  J.  Cassini,  Schroter^  Vico,  Beer  and  Midler. 

t  They  were,  however,  jiermanent  Mjwts,  if  it  hv  irnCj  as  stated  by  Ar^o 
(**A8tronomie  Popalaire,"  ii.  523),  that  l^ianchini'a  spots  were  again  seen  by 
Vico,  fmm  1840  to  1842,  with  all  their  ijld  form«.  We  give  these  spots  from 
St'hrr»tt5r*s  drawitigs  in  Aphrodkogrttjihiiche  Frapmeni*\ 
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Venus,  in  its  various  phases,  is  far  from  showing  perfectly  regular 
forms*  The  horrns  of  the  tTe8<*ent,  esptn^iully  the  southern  one,  have 
nearly  always  been  observed  blunteil — tinincated,  so  to  speak. 
Schroter  also  saw  a  bright  point  completely  separated  from  the 
luniinoas  crescent.  Fig.  33  shows  some  of  these  forms  observed  by 
fhi8  able  astronomer. 

These  inequalities,  besides  serving  by  their  periodical  return  to 
enable  us  to  measure  the  rotation  of  the  planet,  are  evidences  of  the 
irregularities  of  its  surface.  Thus  the  solid  ground  of  Venus  is  uneven, 
like  that  of  Mercury  and  of  the  Kaith  ;  it  is  covered  with  high  moun- 
tains. But  is  it  certain  that  tlu^we  asperities  attain  such  a  considerable 
height  as  is  stated  ?  Do  mountains  exist  on  Venus  to  the  vertical 
elevation  of  27  miles ;  that  is  to  say,  five  times  higher  thun  the  moat 
elevated  peak  in  Thibet,  ten  times  the  coloss^il  ^lont  Bhme  ?  This  is 
a  delicate  question  which  subsequent  measurement  may  yvcrhaps  settle. 
But  if  the  first  results  were  eon  firmed,  we  could  scarcely  help  thinking 
of  the  strange  aspect  the  mountainous  regions  of  Venus  would  ofi'er ; 
the  sublime  peaks  of  our  Alpine  regions  would  bi^  but  mere 
mole-hills  in  eompurison.  If  we  refer  to  the  drawings  of  Schroter 
(fig.  36),  which  represent  Venus  in  three  of  its  phases,  we  shall 
notice  that  the  luminous  part  of  the  disk  is  far  from  temiiiuiting 
abruptly  along  the  line  of  shade.  Its  light,  on  the  eontmrVi  diminishes 
gradually ;  and  this  diminution  may  he  entirely  expkined  by  the 
twilight  on  the  planet.  The  existence  of  an  atmosphere  of  a  con- 
siderable height  has  hence  been  inlerred,  which,  by  refnicting  the  raysi 
of  the  8un,  enables  them  to  penetmte  into  regions  where  that  litKly 
is  already  set.  Thus  the  evenings  in  Venus  would  be  like  ours, 
light'ed  by  twilight,  and  the  mornings  by  the  dawn. 

Venus,  during  each  of  its  peritKlical  oscillations,  should,  one  would 
think,  when  it  passes  betwct^n  the  Earth  and  the  Sun,  be  pr«>jected  on 
the  disk  of  the  latter  body.  But  tlic  occurrence  is,  on  the  eontnirVt 
rare,  because  the  plane  which  Venus  describes  is  not  coincident  with 
the  plane  of  the  Earth's  orbit.  Sometimes  the  globe  of  the  planet, 
always,  bo  it  remembered,  with  its  unilluminated  half  towards  us, 
|MSses  higlier  thon  the  solar  disk,  sometimes  it  passes  below.  Tvi-o 
transits  occur  in  an  interval  of  eight  years,  uffcr  which  they  do  not 
again  (K'cur  until  the  end  of  another  interval  of  more  than  a  century. 
\\^ieu  two  transits  liave  tuken  plaee  Ix^tli  in  Det^eniber,  the  two  fol- 
IfKwiiig  iiivarialily  oci-ur  in  June-  The  last  observwl  were  those  on  the 
-IthofJune,  1761,and  the3dof  June,  1769.  The  two  next  transits  will 
lake  place  on  thcHih  of  Beccniber,  1H74,  and  the  6th  Dwcmber,  I.H82. 
We  shall  see  farther  on,  that  it  was  by  observations  of  these  transits, 
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made  verj^  carefully  at  dittbreiit  stut icms  on  the  sitrfaee  ol"  the  globe, 
that  the  Siiii*8  distiiiiL'e  wa«  for  the  first  time  calculatinl,  Vernis,  in 
traversing:  the  st»lar  disk,  appear.^  qb  a  perfectly  round  black  spot. 

Now,  in  what  tnajioer  do  tlio  dayn  and  night.s  vsiry,  accordin<>  lo 
the  latitudes  and  the  seasons?  TIub  depends  biith  on  the  way  io 
wliii'h  Vi^in.s  in  the  course  of  its  year  presents  its  pri hi r  and  equatorial 
regions  to  the  8un,  and  on  the  relative  durations  of  its  twu  muve- 
luente  of  rotation  and  revolution.  Let  us  return  to  suroe  of  oui' 
former  Htafenieiits, 

Venus  turns  on  itself  in  23  hours  imd  21  minutes  and  73  seconds ; 
this  is  the  duration  of  its  sidereal  day.*  Its  ye^ir  contnins  225  terres- 
trial days  (224'7),  It  comprises,  therefore,  2'^1  entire  rotations,  or  si- 
dereal days  t>f  \^enus,  which  are  equivalent  to  2'M  solar  days  of  Venus. 
Each  oixlinarv  duv  then  on  Venus  consists  of  23  hours  26  minutes. 


F}(;.  37  — Vet)  lis  &t  one  or  its  90lstice«     Inellniktion  of  th&  axi»  of  rotatina. 

On  the  (it her  hand,  the  nearly  circular  fonn  of  its  orbit  gives  a 
nearly  etjuid  len^h  to  the  four  seasons,  and  the  light  and  the  heat  of 
the  Sun  are  distributed  with  a  like  constancy.  But  that  which 
esta!>lislH's  a  marked  diflcrence  between  the  terrestrial  seasons  and 
climates  and  those  of  the  planet  which  we  are  exploring,  is  the  great 
inclinalion  of  its  axis  of  rotation  to  the  pkne  of  its  orbit.  In  this 
respect  Venus  re.send>le8  Mercury.  Fifj^.  37  shows  the  position  of  the 
[danet  at  (Uie  of  its  solstices,  at  the  i-omtncncement  of  the  summer  of 
the  hemisphere  which  presents  its  pole  to  the  Sun.  At  the  T^inter 
mdstice,  Venus  oct'upies  a  diametrically  opposed  position.     It  follows 


*  Oti  each  planet,  as  on  the  Earth,  we  can  distin^iiiih  the  sidereal  day*  the 
length  of  whicli  is  identiwil  with  that  of  a  rotiitiou,  aud  the  solar  day,  a  little 
longer  than  the  siilcreal  dav.  We  shall  explain,  in  the  chapter  relatiug  to  the 
Rotation  of  the  Earth,  the  reaiioii  for  this  essential  distinction. 
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that  ihc  i>olar  ivgions  mitlerj>o  ultemately  the  torrid  terapemtia'e 
ol'  summer  and  the  prolcjiiged  cold  of  winter.  At  the  equator,  the 
Suii  then  hurdly  rises  above  the  horizon. 

Towards  the  et|uiDt>xeH,  on  the  euntrary,  the  regions  nearest  the 
equator  are  expoi^ed  to  the  heat  of  the  8un,  the  intensity  of  which 
is  nearly  double  the  intensity  of  the  solar  heat  on  our  globe.  Per- 
liaps  a  very  dense,  cloudy  atmosphere^  constantly  charged  with 
vapours  arising  from  the  heat»  envelopes  the  globe  of  Venus,  and 
thus  moderates  the  rigour  of  its  opportite  seasons.  A  fact  whi<*h  fi^ixvH 
to  this  hyjMitheais  a  certain  degree  of  truth  is  the  observation  of 
the  transit  of  .Venus  over  the  Sun  in  17  GL  A  nebulous  ring  seemed 
to  surround  the  I) kick  di,sk  of  the  hody ;  and,  moreover,  at  the 
moment  when  it  was  but  partly  projected  on  the  Suii»  the  contour  of 
the  exterior  limb  of  the  planet  was  setm  edged  with  a  hmiinous  ring. 

These  two  phenomena  are  easily  explained  if  we  suppose  the 
globe  of  Venus  to  be  enveloj>ed  with  a  very  dense  atmosphere. 

There  still  remain  some  other  interesting  physical  datu  bf?aring 
on  the  constitution  of  Venus.  Thus,  for  instauee,  calculation  has 
ebown  that  its  mass  is  such,  that  more  than  400,000  globes  of  the 
same  weight  woidd  be  required  to  balance  the  mass  of  the  Sun ;  it  is 
nearly  -flftths  of  the  mass  of  the  Earth,  TiJdng  into  consifh.^ration 
the  difference  of  the  volumes  of  the  two  planets,  we  find  that  the 
density  of  the  matter  of  which  Venus  is  composed,  is  more  than 
nine-tenths  (0'987)  of  the  density  of  our  globe. 

Finally,  the  force  of  gravity  on  its  surface  is  also  a  little  more 
than  nine-tenths  of  the  mean  intensity  of  this  force  on  the  surface 
of  the  Earth. 

To  sum  up.  The  world  we  liave  explorc*d  resembles  in  many  points, 
in  its  dimensions  and  astronomical  and  i>hysical  constitution,  that 
which  we  inhabit.  ^Vnd,  if  we  were  to  accept  the  observations  of 
several  astrraifmiers  of  the  17tb  and  18th  centuries,*  it  would  present 
an  additional  resemblance  ;  as  the  Moon  accompanies  the  Earth, 
so  also  would  Venus,  according  to  them,  be  provided  with  a  satel- 
lite. But  this  singular  body  has  not  heen  since  seen,  and  high 
scientific f  authorities  are  now  convinced  that  the  observers  in  ques- 
tion were  the  victims  of  an  optical  illusion.  It  must  be  confessed 
that  the  doubt  which  still  exists  on  this  |xjint  is,  at  least,  very 
<!uriou8,  and  testifies  the  progress  which  still  remains  to  be  accom- 
plish t^l  in  the  domain  of  planet^try  astronomy* 

[Before  we  quit  Mercury  and  Venus,  we  must  faii-ly  state  that 

"*  D.  Cassjni,  Short,  Monlaigiu",  Ritvlkior,  Horrebon,  Montbafon,  Lambert. 
t  I>e  Ltfilauitc  {Enct/dopttiif  Metfuniit/iieJ) 
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the  decision  and  positiveness  with  which  the  physical  data  are  given 
by  the  old  astronomers,  are  by  no  means  borne  out  by  modem  ob- 
servation, although  we  might  imagine,  to  say  the  least,  that  if  the 
observations  of  Schroter  and  others,  faith&lly  recorded  by  M. 
Guillemin,  were  correct,  the  vastly  superior  telescopes  of  the  present 
day  would  have  verified  them.  This,  however,  they  have  failed  to  do. 
The  different  features,  although  stated  to  have  been  seen  by  De  Vice 
during  the  present  century,  have  not  once  been  observed  either  by 
Admiral  Smyth  or  the  Rev.  W.  R.  Dawes ;  indeed,  the  only  physical 
fact  which  modem  observation  has  placed  before  us,  and  this  we  owe 
to  Professor  Phillips  and  the  Rev.  T.  W.  Webb,  is  the  possible 
existence  of  snow-zones  on  Venus  as  on  Mars.  This,  however,  is 
not  certain.  We  must,  therefore,  caution  our  readers  against  re- 
ceiving absolutely  the  inferences  drawn  from  the  old  observations.  If 
we  cannot  see  the  features  on  which  they  were  based,  we  cannot  of 
course  verify  them.] 
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THE  ZODIACAL  LIGHT. 


Aspect  of  the  Zodiacal  Light  in  the  various  regions  of  t!ic  Earth — ^ProlNiMo 
existence  of  a  lai'ge  Luminous  Ring  situated  between  the  Earth  and  the 
Sim. 


In  the  evenings,  iibrmt  the  time  of  tbo  vernal  equinox — ^iii  MiUTb 
and  April,  when  in  our  climate  the  twilight  is  of  short  duration,  if 
We  exnniine  the  horizon  towards  the  west,  a  little  after  sunset,  we 
may  |>erfeive  u  faint  light  that  rises  in  the  fonii  of  ii  cone  umnng  the 
sturry  eonstelhi  I  ii>ii s. 

This  18  what  astronomers  ctdl  the  ZofUaeal  Lhjht.  Those  un- 
familiar with  it,  or  liltle  iiecnstoincHl  to  the  ordinary  asjM^et  of  the 
sky,  might  confuse  this  glininiering  either  with  the  ^lilky  Way»  or 
with  the  *>nlinary  twilight,  or  even  with  an  aurora.  But,  willi  a 
h'ttle  attention,  it  is  impossible  to  mistuke  it. 

The  triangular  form  of  this  luminouH  eone,  its  elevation,  and  its 
inclined  position  to  the  horizon,  make  it  a  thing  ajmrt  and  on©  emi- 
nently deserving  particular  mention. 

As  the  days  lengthen,  and  with  them  (he  duration  of  twilight^  the 
zodiacal  Ught  disappears,  it  becomes  in visibk,  at  least  in  our  climate. 
But  it  may  again  be  seen  in  the  morning,  in  the  east,  about  the  time 
of  the  autumnal  equinox,  in  September  and  Octol>er,  Svhen  the  dawn 
\m»  an  equally  short  duration  —  again,  however,  to  disappt^ar  during 
the  period  of  long  nights  and  long  twilights.* 


*  In  large  towns,  the  thousands  of  gsis-lamps  or  other  lights  render  the 
obeervaiion  of  the  Zodiacal  Light  vcrj^  difficult,  not  to  say  impossible,  at  all 
times.  On  the  other  hand,  in  stations  conveniently  situated,  it  can  be  seen  at  the 
various  epochs  of  the  year,  even  iu  the  tempei*ate  sjones* 

Mr.  Heis  (ef  Munster)  cites  some  observations  made  by  him  in  the  month  of 
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If,  Ih  iR'tHlle»«  to  mid  flml  ihi-  sky  innst  hv  v\vin\  itinl  tin'  iii^lit 
T)iouiili'Ms»  for  olisi'rvntionH  (irtlu;  ZcMliutjil  Iii«^lit  to  Ik>  fM>»Hiblo. 

Tlie  l>no:litiit'h.s  of  tliifji  light  in  comparable  with  that  of  the  Milky 
Way,  or  with  thf  tuiLs  of  comets,  its  traii.spareuee  in  8uchj  thiit  all  but 
the  smallest  stars  arc  visible  throutj^h  it.  Nevertheless,  aceoniiug  to 
Mairau,  who  occupiefl  liimseir  with  thi.s  phenomenon  in  the  day8 
mo.st  favounilile  for  oh^ervation,  its  light  is  more  intense  ihan  that  of 
the  Milky  Way,  aiui  more  uniform,  generally  le»i*  white,  and  in- 
elining  Honunvhat  towanls  yellow  or  rtnl  in  the  parts  nearest  thr 
liuri^fin.  It  was  only  t<>warfls  tlje  apex  that  he  eould  discern  thr 
ismall  Htars  in  the  region  on  whieh  the  light  was  project^nl. 

Tliisi  yt41(jwish-red  cnlunr  wits  observed  alnn,  in  184:i,  by  Arag*» 
and  otlier  astruniiniers  of  the  Observatory  of  Paris,  who  compared  it 
to  (lie  tail  ijf  the  etirni-t  of  that  same  year.  Moreover,  the  same  red 
tint  was,  in  \7i^7,  noticed  by  Derhani. 

Now,  ii^  from  the  tenipei*ute  rcgioni*  of  the  two  hemisspheres  we 
travel  towards  the  tTt>pieal  xones^  the  Zodiacal  Light  increases  in 
intensity  and  height,  and  it  can  be  ob.servtd  throughout  the  year. 
The  illustrious  iluuibohltthus  relates  in  his  "Cosmos/*  the  impressions 
made  on  him  in  his  travels  by  the  sight  of  this  curious  phencunenon  : 
**  The  much  greater  luminous  intensity  which  the  ZtKliitcal  Lighl 
presented  in  Spain,  on  tlie  coast  of  Valentia  and  in  tlie  plaiiis  ei 
New  Castile,  hud  already  detenvdntHl  me,  before  I  cpn'ttcd  Europe,  U) 
observe  it  assiduously.  The  brightness  of  this  light — I  should  say  af 
I  his  illumiiuit  ion— still  imTeascd  in  a  surprising  manner,  as  T  gra- 
dually [(i>i)roai'hed  the  equator  on  the  American  continent,  or  on  the 
Siuth  Seas.  Through  the  dry  and  transparent  atmosphere  of  Ciunana, 
on  the  grassy  plains  or  Lhirms  (*f  Caracas,  on  the  table-lands  of  Quito, 
and  on  the  Mexican  lakes,  particuhirly  at  a  height  of  eight  or  twelve 
thousand  feet,  where  I  could  stay  a  huiger  time,  1  mm  the  Zodia<*aI 
Ijight  soTm'times  surpahs  in  brilliancy  the  most  striking  ]iartK  lA'  tlir 
Milky  Way,  comprised  between  tlu-prow  of  the  Sliip  and  Sagittarius, 
(»r,  to  cite  the  regions  of  the  skj*  \dsible  in  our  hemisphere,  between 
the  Eagle  and  the  Swan."* 


Oeccrabcr,  in  Germauy,  atid  ilr.  Joucs  had  observed  it  at  the  same  time  iu 
Jupan. 

M.  Cliacoruac  ubsyrved  the  Zodiacal  Light  in  January  ami  Ftbtiiary  in  Pai  is 
aud  ill  Det'cuibcr  in  Lyuns,  in  ISiU.  A  fact  little  knuwii,  u.slahli.^h€tl  by  liJm, 
IS,  tk'it  tlie  light  ia  inlunae  enough  Uy  efface  ^t^irs  of  the  twelfth  and  Lliirteenth 
nuigtiitude.  **  It  is  beyond  donht  "  lie  writcH, ''  that  this  iitiem^menou  eiivers  with 
;i  yellowi.sh  rcnl  veil  the  regiuit  of  tlie  wky  on  which  it  is  projected/' 

*  **f*usTao^"  Vol.  ii  p,  r>l>4. 
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Let  us  see  now  if  it  is  poasible  to  account  lor  the  mituic  of  I  lie 
Zodiacal  Light,  which  evidently  h  not  a  punJy  m<?1  oorulu^ical  phenc»- 
menon,  since  its  participation  in  the  diuriiul  inuveniciil,  its  vinibility 
in  regions  of  the  Earth  very  distant  one  from  the  other,  and,  lust ly, 
its  nearly  invariable  inclination  alon^  the  ecliptic,  indicate  sufficiently 
that  the  eause  which  produces  such  appeurinices  lies  outside  tuir 
atmosphere,  in  the  celesitiul  spaces. 

Among  the  exphinalions  that  have  been  given,  the  most  probable 
one  is  that  which  likens  the  Z<Kliacul  Li*j^ht  to  a  flattenc^l  nebuloiL^  ring 
sniTounding  the  Sun  at 
Bome  distance. ( It  is  to  be 
remarked,  that  the  dirw- 
tion  of  theaxis  of  the  cone» 
or  of  the  pyramid,  pro- 
longed below  the  horizon, 
always  pisses  through  the 
Sim.j  (Pig.  38.) 

It  was  believed  at  first 
that  this  direction  pre- 
ciaely  coincided  with  the 
solar  equator ;  but  it 
seems  more  certain  that 
it  coincides  with  the  plane 
of  the  Earth's  orbit,  or 
the  oeliptie.* 

The  length  of  the 
longer  axis  of  the  ring  is 
variable,  or,  as  it  may  be 
expressed,  the  distance 
from  the  summit  of  the 
cone  to  the  middle  of  its 
base, —  to  the  horizon, — ^is  more  or  less  considerable,  according 
to  the  time  of  observation.  Very  simple  geometric  considerations  point 
to  the  conclusion  that  the  luminous  ring  sometimes  extends  us  far  as 
the  orbit  of  the  Earth,  and  even  surpasses  it,  s<imetimea  it  is  enclosed 
within  this  same  orbit.  This  may  he  explained  in  two  ways  :  either 
by  admitting  that  the  form  of  the  ring  is  elliptical  or  oval,  or,  if  it  be 
circular,  that  the  Sun  dot*s  not  lie  exactly  in  the  centre. 


FtR  5K.— DlrecUoti  q(  tbo  iixfs  uf  the  XodiiueA\  light. 


*  Tht^  if'ccnt  observations*  <if  Mr.  Heis,  itt  Mmi«ter,  and  of  Mr.  Jones  ftt 
Ja|>ati,  nmdo  ttimaltfinuiJiiHlv,  .show,  lurwcver,  the  axUi  of  the  luiuinuus  cone  as 
foraiiug  an  aiiglu  with  the  latttr  \Ahiil\ 
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Now,  what  18  the  nature  of  this  luminous  mass  ?  Must  it  be  con- 
sidered as  u  zone  of  vapours  thrown  off  by  the  Sun  when  in  the 
process  of  consolidation,  when  our  central  star  passed  from  a  nebulous 
state  to  that  of  a  condensed  fluid  sphere  ?  This  was  the  opinion  of 
Laplace. 

Another  hypothesis,  also  connected  with  the  first,  is,  that  the 
Zodiacal  Light  is  formed  of  myriads  of  soKd  particles,  analogous  to 
the  aerolites,  possessing  a  general  movement,  but  travelling  separately 
around  the  focus  of  our  solar  world.>  The  light  of  the  ring  would 
be  thus  produced  by  the  accumulation  of  this  multitude  of  brilliant 
points,  reflecting  towards  us  the  light  borrowed  by  each  of  them 
from  the  Sun. 

This  explanation  accounts  for  the  variation  of  the  intensity  of 
the  Zodiacal  Light  at  different  epochs ;  it  would  suffice  to  admit  that 
the  condensation  of  the  particles  or  the  density  of  the  ring  is  not  the 
same  throughout  its  extent,  and  that  its  movement  of  circulation 
roimd  the  Sun  presents  successively  different  parts  to  the  Earth.  In 
this  case,  it  becomes  a  question  whether  this  lenticular  ring  of  matter 
is  distinct  from  the  zone  of  aerolites,  of  which  we  shall  soon  speak,  and 
the  existence  of  which  seems  at  length  established. 

Lastly,  some  astronomers  regard  the  Zodiacal  Light  as  a  vaporous 
ring  which  belongs  to  the  Earth,  surrounding  it  at  some  distance. 
But  this  is  an  opinion  which  appears  somewhat  wild  (it  can  be  upset 
by  the  most  simple  geometric  consideration),  and  is  utterly  at  variance 
with  observation. 

We  omit  to  mention  various  other  theories  now  completelj' 
abandoned.  But  it  must  be  o\\Tied,  in  concluding  what  we  have  to 
say  on  this  interesting  phenomenon,  that  while  the  observations  re- 
main so  vague  and  so  few  in  number,  we  are  not  yet  pemritted  to 
pronounce,  in  a  definite  way,  on  its  nature. 

Cassini  and  Mairanhave  observed  in  the  luminous  cone  moment- 
ary sparklings,  which  they  explain  by  the  *  rapid  movements  of  its 
particles,  alternatively  presenting  faces  of  unequal  size ;  nearly  in 
the  same  way  as  one  sees  the  grains  of  dust  sparkling  in  the 
rays  of  the  Sim  when  they  penetrate  into  the  interior  of  a  dark 
room. 

This  is  an   explanation  which  must  be  presented  with  the  more 

*  Whatever  may  be  the  true  nature  of  the  Zodiacal  Light,  observation  proves 
that  the  substjiiu'e  of  wliioh  it  is  composed  lies  in  a  region  which  sometimes 
extends  bevond  the  R-vrtli's  (^bit.  sometimes  lies  within  it.  Our  readers  will 
therefore,  uiuhi-stand  why  the  description  of  it  is  fountl  in  tiiis  part  of  the  Solar 
Svstem. 
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reserve,  as  the  observations  of  Mairan  and  Cassini  have  not  been,  as 
far  as  we  know,  confirmed. 

The  intermittent  brightness  described  by  Humboldt — the  sudden 
undulations  which  he  observed  to  traverse  the  luminous  pyramid,  also 
await  explanation.  Arago  did  not  think  this  fact  could  be  explained 
merely  by  variations  in  the  strata  of  our  atmosphere. 
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V. 


THE  EARTH. 


The  Earth  suspended  in  Space — Proof  of  its  Spheroidal  Form — Its  Dimensions, 
Mass,  and  Mean  Density — Atmospheric  Refraction ;  its  effects  on  the  ap- 
pearance of  the  Disks  of  the  Sun  and  Moon. 


The  Earth  considered  as  a  celestial  body — as  a  planet — ^will  now  be 
the  object  of  our  study.  It  is  the  globe  we  meet  with  next  in  our 
journey  from  the  focus  of  the  solar  system. 

The  Earth  does  not  voyage  alone,  as  do  Venus  and  Mercury ; 
but,  drawing  the  Moon  after  it,  in  its  annual  course,  it  is  continually 
escorted  by  this  faithful  satellite.  It  is  the  first  planet  that  rejoices 
in  such  a  privilege. 

If  the  Earth  be  a  body  travelling  through  space,  as  do  the  mul- 
titudes of  those  which  people  the  heavens,  it  may  be  asked,  under 
what  aspect  it  appears  to  the  nearest  celestial  bodies.  This  will 
evidently  depend  on  the  distance  of  the  observer. 

The  form  of  the  Earth  is  that  of  a  ftearly  spherical  globe,  of 
which  one-half  receives  the  light  of  the  Sun,  whilst  the  other  half 
is  plunged  in  gloom ;  to  a  spectator  who  moves  from  it  gradually, 
it  would  appear  under  the  form  of  a  disk,  gradually  becoming  more 
and  more  diminutive,  but  more  and  more  luminous  at  the  same  time ; 
presenting  phases  like  Mercury  and  Venus,  according  to  the  relative 
position  of  the  Earth  with  regard  to  the  spectator  and  the  Sun. 

At  the  distance  of  the  Moon,  the  Earth  will  be  seen  under 
the  form  of  a  luminous  disk,  sprinkled  with  spots,  the  bright  ones 
marking  the  continents  and  islands,  and  the  snow  and  ice  of  the 
polos ;  the  darker  ones  indicating  the  place  of  the  seas ;  but  besides 
these  permanent  spots,  variable  and  movable  ones  would  be  dis- 
tinguished, produced  by  the  cloudy  strata  of  the  atmosphere. 


THE  EARTH. 

Its  apparent  diiiraetor  woiikl  be  nearly  ftnir  times  that  of  the 
Moon,  so  thut,  seen  at  the  ML  the  Earth  would  sliine  like  tbiHeen 
nnittMl  full  niwns.  At  about  finir  times  the  clistunce  of  our  satellite, 
the  t4:5rre^triiil  gk)be  would  still  aeeni  as  kr^e  a»  ilie  hitter.  But  as 
the  spectator  moved  away  by  degrees,  the  diameter  of  the  disk  Wiiukl 
diminiHh,  and  would  end  by  becoming  insensible.  The  Eartk  would 
then  shine  in  tlie  heavens  like  a  star. 


Fl«r.  30.— rUe  E&rtli  nupcDdcd  to  Sfuoe. 

These  statements  uf  St^iLii*  i'  re*^ardin^  the  ibrin  tA'  our  globe, 
and  its  real  dimensions, — ^statements  now  familiar  to  every  one,— -are 
not  based  on  simple  anidogies.  Exaet  faets,  whieb  it  is  easy  to  verifv, 
place  the  rotundity  of  the  Eiirth  beyond  doubt,  and  trig<incjraeti'ieal 
surveys  of  extreme  precision  have  determined  its  true  dimensions. 
Let  us  dwell  nn  instsmt  on  iha^v  di  tie  rent  piints- 
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It  is  wi'll  kiirnvn  I  hut  the  hdrizon  f>f  n  phiin  prt'.sciits  the  i'nnii 
of  a  circle,  siiri-uundiiig  the  observer.  If  tlie  latter  moves,  the  cinile 
moves  ul«o,  hut  its  fonii  remains  the  stime,  and  is  niodifitd  only 
wlien  moimt-uins,  or  otber  obstweles  of  mmc  elevation,  liiiut  the 
view,  Out  at  sea,  the  circular  form  of  the  horizon  is  still  more 
det^ided,  lUid  ehanj^es  only  near  the  coasts,  the  outline  of  which 
breaks  the  reg^ularity- 

Here,  then,  we  obt-ain  a  first  notion  of  the  rotundity  of  the  Earth, 
since  a  sphere  h  the  only  body  which  is  present'C^d  always  to  us  under 
the  form  oi'  a  circle*  from  whatever  exterior  jxtint  of  view  it  in  ex- 
aminod.  Moreover,  it  cannot  be  said  that  the  horizon  is  foniied  by 
the  limit  of  distinct  vision,  and  thtitif  is  this  which  causes  the  np]Knir- 
iincc  of  a  eircidar  hoiuidary,  because  the  horizon  is  cidart^t^l  when 
we  mount  vertically  above  the  surface  of  the  plain. 


-^f^t^ 


of        iftt 


urf^^ 


Vlg.  40,— €wrviitiire  of  the  CoatincTitfi.     Horixong  of  the  iwimo  place  at  dlRbront  altitudua. 


The  preceding  drawing,  in  which  a  mountain  is  figured  in  the 
middle  of  a  plain,  whose  uniform  curvature  is  that  of  a  sphere,  ^-ill 
l)rove  our  assertion.  From  the  foot  of  the  raountnin  the  spc<.^tator 
will  have  but  a  very  limited  horizon.  Let  him  ascend  half-way,  his 
visual  radius  extends,  is  inclineil  below  the  first  horizon,  and  revealis 
a  more  extended  circular  arcu.  At  the  summit  of  the  mountain, 
the  horizon  still  increases,  and  if  the  atmosphere  be  pure,  the  spec- 
tator will  see  numerous  objects  appear,  where  from  the  lower  stations 
tlie  sky  alone  was  visible. 

Tliiis  extension  of  the  horizon  would  be  inexplicable  if  the  Earth 
had  the  ftirui  of  an  exlcudcd  ]Tlaric. 

The  curvatuue  of  the  surfucu  of  the  sea  mauife«ts  itscU'  in  a  still 
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it  ft)llf)ws  that  the  Earth  has  really  the  fonn  of  a  sphere,  or  at  least 
diftbrs  fmni  it  hut  little* 

Wo  It  lay  also  niciition  two  proofs  of  another  kind,  which,  like  the 
prerediiig  ones,  are  more  interesting  as  facta  than  as  elements  of 
conviction.  Who  eould  dimbt  at  the  present  time  of  the  rotund- 
ity of  the  Earth,  and  of  its  suspension  in  Hpaee,  after  so  many 
voyages  of  circumnavigation,  after  the  daily  teiitiniony  of  the  oiove- 
ment  of  the  stars,  setting  on  one  side  of  the  horizon*  to  reappear 
after  twenty-four  hours  on  the  opposite  side  ?  These  are  the 
proofs. 

One  of  the  stars  of  the  northern  heavens, —  the  Pole-star  ^ — 
we  shall  speak  of  it  again  subsequently — ^ remains  nearly  immovable, 
and  at  the  same  height  in  the  heavens  ohove  the  horizon  of  any 
given  place.  Now,  when  we  move  towards  the  south,  this  star  by 
degrees  approaches  the  horizon  ;  whilst,  on  the  other  hand,  it  rises 
if  we  advance  to  the  north. 

This  is  a  fact  which  can  be  explained  very  naturally  by  the  coq- 
vexity  of  the  surface  of  the  Earth,  for  if  this  change  of  height  were 
Iit^d  tri  he  the  residt  of  a  real  approach  of  the  traveller  to,  and  removal 
jrom,  the  oh><erved  star,  tlie  known  distance  of  the  stars  from  the 
Earth  shows  that  the  displacement  of  the  observer  is,  so  to  speak, 
indefinitely  small,  eompariHl  to  the  distance  of  the  star,  and  cannot 
in  any  way  account  iW  its  aj^parent  movement.  Besides,  if  instead 
of  wii Iking  from  north  to  south,  the  observer  travels  from  east  to 
west,  the  Pole-star  will  always  a]>pear  at  the  same  point  of  the 
heavens  as  referred  to  the  movable  horizon,  and  at  tlie  same  height 
aliove  this  horizon.  But,  in  this  ease,  it  ^nll  be  the  hour  of  the  rising 
and  setting  of  the  stars  that  will  vary  ;  as  sliould  happen  if  the  curva- 
ture of  the  terrestrial  surface  is  in  every  direction  ;  and  if,  as  indeed 
is  known,  our  gh>be  every  day  performs  an  entire  rotation  round 
one  of  its  diameters. 

We  may  announce,  then,  as  a  fact,  demonstrated  by  experience  and 
oliservatirni,  that  the  Earth,  in  spite  of  the  irregularities  of  its  sur- 
face, which  seem  to  us  so  considerable,  is  a  spheroid,  which,  seen 
in  space,  appears  as  wtOl  defined,  regular  and  smooth,  as  the  disks 
of  the  other  phmets. 

Some  numbers  relative  to  the  real  dimensions  of  the  Earth  will 
sup|>ort  lhi'«c  rt^HuUs,  ho  asfonisliing  in  those,  who,  learning  them  for 
tile  tirst  time,  si-ek  to  figure  tliein  as  so  many  real  facts.  Put  before 
we  give  them,  we  will  state  a  little  more  exactly  the  form  of  the 
Earth,  as  determined  by  the  most  exact  measures.  Its  form  is  not 
rigorously  spherical ;  the  diameter  or  axis,  round  which  the  movement 
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of  iliumal  rotation  is  performed,  ia  the  smiiller  diameter.  Oiir  globe, 
then,  is  flattened  at  the  poles,  that  is  to  say,  at  the  extremities  of  the 
axis.  The  existence  of  this  flultening  has  been  determined  in  the 
foUoi^dng  manner, 

Ijet  U8  consider  a  meridian,  one  of  the  ideal  curved  iinei*,  indefi- 
nite in  number,  which  encircle  the  Earth,  each  one  passing  through 
the  two  iKjles.  If  the  Earth  were  exactly  sphericaL  each  meriduui 
would  be  a  circle,  that  is,  if  we  leave  out  of  consideration  the  irregu- 
hirities  of  the  Earth's  surface.  On  this  hypothesis,  the  successive 
verticals  which,  froiu  the  Equator  to  the  ]^Jle,  would  form  between 
themselves  equal  angleg — an  angle  of  one  degree,  for  instance,— 
would  be  equally  distant  the  one  from  the  other.      The  distances 


pttti 


Equator 


Ffg,  43.— ElUptiml  form  oi  ttio  torrestrial  laeridlaziA.    Diminutiuit  in  the  IcAgLlt  ufa  ddcno 
from  the  Fok  to  tho  Equator, 

between  the  feet  of  the  verticals  on  the  surface  of  the  Earth,  woidd 
be  expressed  by  equnl  numbers. 

Observation  contradicts  this  supposition,  and  it  has  been  found 
that  the  length  of  the  successive  degrees  of  the  meridian  increases, 
in  a  continuous  manner,  from  the  Equator  to  the  Pole.* 


♦  It  is  easy  to  see  from  6g.  43,  that  the  meridian  ought,  ia  feet,  to  present 
really  the  form  of  an  ellipse  or  oval,  the  greater  diaruoter  of  which  terrainates 
in  the  Equator,  and  the  smaller  in  the  two  poles.  In  su^h  a  curve,  the  cur- 
vature is  the  more  strongly  marked,  ns  we  consider  the  ares  nearest  the  major 
axis,  We  shaM  then  require  to  traverse  a  shorter  distance  nearer  the  Equator  to 
find  the  same  angle  between  successive  verticals  than  we  shall  near  the  poles. 
But  it  ia  well  to  remark  that  the  tiattening  ia  much  exaggerated  in  the  drawing. 

II 
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The  following  table  shows  the  differences  of  length  of  the  arcs 
of  a  degree,  measured  in  the  northern  hemisphere  of  the  Earth, 
at  increasing  latitudes,  that  is  to  say,  at  gradually  increasing  distances 
from  the  Equator : 


Mean  Latitude 

Length  of  one 

of  Arc. 

Degree  in  English 
Feet. 

India  . 

12**     32'     20" 

362,956 

„     . 

16        8      21           .         . 

363,044 

America 

39      12       0           .         . 

363,786 

Italy    . 

42      59       0           .         . 

364,262 

France 

44      51        2           .         . 

364,572 

England 

52        2      19           .         . 

364,951 

Denmark    . 

64        8      14 

365,087 

Russia 

56        3     55           . 

365,291 

Sweden 

66      20      10           .        .         . 

365,744 

The  differences  are  unmistakable,  and  their  constancy  puts  the 
fact  of  the  polar  flattening  quite  beyond  doubt.  But  their  relative 
smallness, — there  is  Only  a  difference  of  2788  feet  between  the  ex- 
treme latitudes — proves  that  the  compression  is  in  truth  very  small, 
as  may  be  proved  by  comparing  the  length  of  the  equatorial  diameter 
and  the  polar  one,  deduced  from  the  preceding  data : 


Feet. 


Equatorial  diameter  =  41,848,380 
Polar  „        =41,708,710 

Thus,  if  we  represent  the  Earth  by  a  sphere,  a  yard  in  diameter, 
the  polar  diameter  will  be  about  the  iVh  P^rt  of  an  inch  too  long. 

[But  this  is  not  all.  The  most  recent  residts  arrived  at  by 
geodesists  have  taught  us  that  the  Earth  is  not  quite  truly  repre- 
sented by  an  orange,  at  all  events,  unless  the  orange  be  slightly 
squeezed,  for  the  equatorial  circumference  is  not  a  perfect  circle^  but  an 
ellipse,  the  larger  and  shorter  equatorial  diameters  being  respectively 
41,852,864  and  41,843,896  feet.  That  is  to  say,  the  equatorial 
diameter  which  pierces  the  Earth  from  longitude  14°  23'  east,  to 
194°  23  cast  of  Greenwich,  is  two  miles  longer  than  that  at  right 
angles  to  it.*] 

What  then,  on  this  scale,  are  the  irregularities  produced  by  the 
moimtains  and  valleys  ?  what  the  depths  of  the  seas  ?  The  calcida- 
tion  is  easy:  Kunchinjinga  and  Gaurisankar,  the  giants  of  the 
Ilimalayan  range,  the  highest  known  mountains  of  our  globe,  would 


♦  Mem.  Roy.  Ast.  Soc,  vol.  xxix.  1860. 
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iiiily  hv  vlvvnivd  ubove  the  surtui**'  of  \i  Kphore  uf  this  sixe  the 
7>^'ijoth  part  of  its  diameter;  Mont  Blane,  about  Vuilf  as  nnirh. 
Ill  chums  of  nirnintains  of  ordmar^^  elevations,  the  hills  and  valleys 
would  be  uimotieejible.  The  greatest  depth  of  the  oet  an  would  bat 
indent  the  surface  about -j-^^^^^j^th  of  au  inchS  Fig,  44  shows  on  a 
larger  fteah'  the  rehitive  dimensions  of  the  height  uf  the  moimtaiiiH, 
of  the  depth  t>f  the  oeean,  and  the  presunu'd  thieknes?*  of  the  terres- 
trial crust.  To  obtain  these  dimenBiong,  we  have  given  the  terrestrial 
globe  a  diameter  of  fourteen  yards. 

The  inequalities  of  the  surface?  of  the  Earth  have  often  been  com- 
pared to  the  roughness  of  the  skin  of  an  orange.  It  will  he  seen 
by  the  preceding  8tateraent«   how  exaggerated  this  comparison  is. 


Fl4f.  44— Com]Mi«tfTe  kioigHbi  of  M«itn!l»im ;  <\i3\nh  of  ilie  8«ai,  and  tUlrkuiHit  of  tho  aftM 
inrmt  of  tlio  Eiulh. 

Our  globe,  nxlueixl  to  the  dimensions  of  an  orange,  would  not  pre- 
sent to  the  naked  eye  any  trace  of  projwtion  or  of  depression,  nor 
woidd  it  offer  any  i>erceptible  indication  of  flattening. 

The  stndy  of  the  structure  of  the  Eurth  —  the  contiguratious  of  its 
surface,  its  watercourses  aiul  seas»  the  geological  coiiHtitution  of  its 
crust,  and  of  the  interior  nucleus  which  com|j<)ses  it — presents  the 
highest  possible  degree  of  interest,  but  its  consideration  would  be  out 
of  place  in  the  present  volume. 

We  will  oidy  refer  to  the  opinion,  now  generally  entertained  of  its 
primitive  fluidity  ;  Ix^-ause  this  hyjjothesis  ha^  its  astronomical  confir- 
mation in  the  ellipticity  which  has  been  deteettKl.  It  can  be  demon- 
strated by  the  laws  of  ineclmnies,  that  a  fluid  mass,  animated  by  a 
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muYemeut  of  rotution,  (ends  to  tulcL*  \hv  furiii  of  a  npheroifl,  flattened 
at  the  extremitieji  ijf  the  axis  around  whith  the  movement  is 
eflk'ted. 

iVmoug  the  planets  which  wi'  have  still  to  exphire,  we  Hhall  find 
many  which  assume,  h*ke  the  Earth,  a  spheroidal  fonn,  but  with  a 
nmch  more  considerahle  flattening  at  their  poles.  Now,  their  move- 
ment of  rotation  is  mut'h  mure  rapid. 

One  W(»rd  more  on  the  form  and  dimensions  of  the  Earth. 

We  .nhall  he  able  to  form  un  idea  of  the  eurvaturo  of  the  surfaco 
of  the  glohe  over  a  h'mited  extent  of  country*  from  the  following  facts  : 
A  tmveller  who  starts  on  a  journey  from  a  given  place,  deseends 
more  and  more  below  the  horizon  of  that  plaee.  When  he  .shall  have 
traversed  a  degree  (Gi>i  mile^),  he  will  aetuuUy  lie  more  than  a 
thousand  yai-ds  below  the  point  of  departure,  disregarding  diflerences 
of  level  proceeding  irom  irregularities  of  surface.  The  horizon  of 
Paris,  prolonged  as  far  as  Marseilles,  would  pass  above  that  town  at 
a  heiglit  of  over  18  miles. 

By  reason  of  the  flattening  of  the  poles,  the  eireunifc rehire  of  u 
meridian  is  shorter  tluiu  tliat  of  the  Equator  by  nearly  42  miles. 

It  follows  from  the  precreding  numbers,  that  the  surface  of  the 
l^arth  contains  about  10{>,l>2t5,tKMJ  square  miles.  Of  this  immense 
suri'ace  the  oceans  embrace  more  than  three-quarters ;  the  remain- 
der comprises  the  continents  and  islands.  It  is  not  a  little  curious 
that  one  hemisphere  of  the  terrestrial  globe  comprises  the  land, 
whilst  the  other  hemisphere  is  nearly  entirely  occupied  by  water. 
If  we  adjust  a  globe  in  sacb  a  way  that  London  would  occupy  the 
e*'ntreof  the  \dsible  hemisphere,  and  plaee  it  at  some  distance  from 
ihv  ryi\  we  sludl  see  on  the  heTuisphere  tamed  towards  us  the  whole 
of  Europe*  Asia,  Africa,  North  America,  luul  part  of  iSouth  America, 
If  we  ]jlace  oui-selves  on  the  opjjosite  side,  with  our  antipodes  in  the 
e4*ntre,  we  shall  six'  a  hemisphere,  witb  tbe  exception  of  New  Tlolbind 
ami  the  lower  jxant  of  Southern  ^Vmerica,  nearl}'  entirely  cohered  by 
the  ocean,  only  here  and  there  tR-attered  with  islands. 

The  figures  in  Plate  Y  give  an  idea  of  the  distribution  of  the 
solid  and  liquid  |X)rtions  of  the  terrestrial  surface. 

If,  irom  the  measures  of  the  surface  of  the  globe,  we  pass  to  those 
of  its  volume  and  weight,  we  arrive  at  nimihera  of  which  it  is  ex* 
tren^ely  diflicidt  to  fomi  a  definite  idea,  m  much  arc  they  beyond  our 
uitlimiry  notions* 

liul  we  can  conceive  a  eubie  volimie  of  which  tht;  length,  breadth, 
awil  height,  are  each  one  mib? — this  we  call  a  cubic  mile, — ^well, 
our   globe  contaiiLs  20l),8tHI,(aM  1,000  of  such    cubes!      Experiments 
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imtl  ralculatious,  into  the  details  of  which  we  i'aiinot  eat^r  in  this 
phice,  have  tuught  U8  the  meiin  density  of  the  materials  of  which  our 
Earth  is  com]KJsed ;  we  say  mean  dcnmty,  becauae  the  density  varies 
ill  different  strata.  [And,  moreover,  the  solid  crust  may  not  extend 
to  the  centre — the  Earth  and  other  planets  may  be  gigantic  bubblen 
with  solid  shells,]  This  nmui  density  then  is  such  that  the  Earth 
weighs  b\  times  more  than  an  equal  volume  of  water  would  do. 

Hence  we  have  been  able,  as  it  were,  to  weigh  the  Earth,  and  we 
have  found  that  it  weigh h  6,00r),00(>,000,00a,0a0, 000,000  tons  !  This 
is  exclusive  of  the  w^ eight  of  the  air.  Does  then  the  air  weigh 
anything  ^  Yes ;  if  we  suppose  it  to  extend  only  37  miles  [and 
we  have  proof  pisitive  thut  it  extends  much  higher],  it  will  weigh 
5,ir8,00U,U00,000,(J00  tons;  this,  however,  is,  after  all,  less  than 
the  millionth  part  of  the  weight  of  the  Earth. 

8uch  are  the  dimensions,  such  jh  the  muss  of  the  planet  which 
serves  us  as  a  dwelling- plaice*  What  in  comparison,  and  considered 
merely  from  a  material  point  of  view,  are  the  w^orks  of  man  both 
individuidiy  and  coUei^tively  ? 

Nevertheless,  this  sphere  which  appears  to  us  so  colossid,  must, 
after  all,  hn";  classed  only  among  the  smaller  planets  of  our  sys^ 
tem,  and  is  but  a  grain  of  sand  comjjared  with  our  central  Sun, 
and  a  mere  point  lost  in  the  immensity  of  the  space  comprised  within 
the  limits  of  our  system.  What  idea  then  shall  we  have  of  the 
intiDity  of  sjiace,  when,  leaving  our  own  system  behind,  as  w^o 
fihall  shortly  ilo,  we  shall  see  that  even  that  entire  system  is  but 
an  atom  of  the  Visible  Universe  ? 

We  have  just  spoken  of  the  total  weight  of  the  atmosphere:  this 
is  a  |>oint  of  mere  curiosity.  But  the  pressure  which  this  fluid  mass 
exercises  on  every  inch  of  surface,  on  organised  beings  which  are 
enveloped  and  move  in  it,  on  licpiids  and  va|x>ur8,  k  of  extreme  im- 
portance to  orgtinised  life  and  to  the  physical  conditions  mider  which 
life  is  jjossiblc.  The  density  of  the  atmosphere,  the  law  of  det^ease  of 
this  density,  both  in  the  lower  and  upper  strata,  are  so  many  fact« 
wbicli  have  an  intimate  relationship  ^vith  the  temperature  of  the  sur- 
face at  different  altitudes,  with  climate,  and  consequently  with  the 
distribution  of  animal  and  vegetable  Itie  on  the  surface  of  our 
globe. 

Moreover,  there  is  a  relationship  no  less  dwidefl  between  the 
ctmstitution  of  the  gaseous  euv elope  in  which  we  live,  and  the  way  in 
wdiieh  the  solar  rays  traverse  it. 

Every  one  knows  that  a  luminous  vwy  proceeds  in  a  straight  line 
when  it  traverses  a   homt>geneous  mtdiiiin,   that   is  to   say,    one   of 
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unvarying  dGnaity.    The  object  which  thia  htminous  ray  brings  to  our 
view  under  these  eireuinstances  is  exactly  where  it  appears  to  be. 

If,  on  the  other  hand,  before  it  reaches  ua,  the  Inniinouti  ray  has 
to  traverse  media  of  different  deiiBitiea,  obliquely,  each  change  of 
density  makes  it  donate  from  its  direct  route ;  and  when  it  reaches 
the  eye,  the  total  deviation  causes  the  object  not  to  appear  in  the  true 
direction  which  it  occupies.  Its  apparent  iwsition  does  not  then 
indieate  ita  real  position.  This  phenomenon  of  deviation  takes 
place  in  the  atinosphere,  and  is  called  afniofipitrnr  refravtion.  The 
importance  of  a  proper  knowledge  of  refraction  in  astronomical  ob- 
servations will  be  understood  when  we  state  that  all  celestial  bodies 
are  thus  more  or  lens  displaced;  the  error  resulting  from  this  dis- 
placement is  not  the  same  in  every  part  of  the  celestial  vault :    it  is 


Wg.  46.— Atmj«pherit^  rorractian,  ahowLng  itn  eflTcct  on  the  appiuront  pkoM  orbodSflftiu 

much  more  considerable  ivhen  the  strata  traversed  are  thicker,  or  are 
presentinl  obliquely  to  the  luminous  rays ;  in  other  words,  when  the 
object  observed  is  near  the  horizon. 

The  light  proceeding  from  all  celestial  bodies  in  all  their  positions, 
therefore,  is  refracted  unequally,  and  the  effect  of  refraction  is  to 
niake  them  appear  higher  than  they  really  are ;  to  place  them  nearer 
the  zenillK 

Hence  follows  a  rather  curious  fact,  namely,  that  the  entire  disks  of 
the  Sun  or  Moon  remain  still  visilde  when  they  are  mathematically 
set,  that  is  to  my,  when  they  are  really  below  the  plane  of  the  horizon. 
The  duration  of  the  day  is  then  increased  by  refraction.  The  same 
phenomenon,  of  ctmrse*  occurs  b<jth  morning  and  evening. 

Refract i<m  still  prolongs  the  day,  even  when  the  Sun  ha^  actuallv 
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disappeared ;  the  upper  stmta  of  the  atmoaphere  are  Btill  illiuniuattd, 
when  the  surface  of  the  Earth  is  already  in  shade.  They  refleet  earth- 
wards  a  portion  of  ihiw  lights  ami  by  this  means  it  i»  that  the  night 
pas^eR  into  day,  and  day  into  night,  by  imperceptible  giiidatioiis, 
8ueh  is  the  cause  of  the  nu^rninqf  and  eveninj^  twilig-ht.  In  tine»  the 
duration  of  dawn  and  twilight  varies  according  to  the  sL^a.suns  and 
Lititudes. 

^ot  oidy  is  the  apparent  position  of  bodies  altered  by  the  re- 
fraction of  the  atmosphere,*  but,  for  the  same  reason,  the  fonu  of 


Fig   4<J.— Ocfvrmfttioii  4>f  the  Siitrw  litnl*  lit  Sati«ot. 

those  with  large  disks,  as  the  8un  and  Moon,  \s  niodihed.  Refraction, 
the  intensity  of  whieh»  as  we  have  seen,  increases  as  it  approa<:h<^8 
nearer  the  horizon,  aflei'ts  the  lower  limbs  of  these  Unniiuirie^  more 
strongly  than  it  does  the  upper  ones,  so  that  the  body,  already  flattened 
in  its  upper  half,  is  still  more  so  in  the  Lnver  one.  The  sea-^^ew  repre- 
sented in  iig.  40  repre*jeut>5  this  curious  jihenomenon,  which  can  be 

♦  Tables  of  corrections  have  beta  cak-ulated  for  different  heights.  These 
tables  enable  as  to  tin*l  the  true  poiiition  of  a  celestiul  l*ody,  when  the  appareat 
positioa  is  knowa  by  ohj*crvation.  Nevertheless  astronomers  avoid  ob4*erving  too 
near  the  horizou,  smd  wait  nntil  the  t^ixly^  by  virtao  of  its  diunial  iiiotinii»  lius 
attaiaed  its  niaximuui  height,  at  the  uioiiient  of  eulmhrntioa,  or  of  the  apper 
transit  of  the  nieridiaa  as  it  ih  04iUed. 
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st^cn  iiilund  as  well  as  at  ^ca,  at  both  the  rising  and  sc^tting  of  tho 
Sun  and  iloon.  Sometiine8  this  deformation  of  the  solar  and  lunar 
disks  is  far  from  presenting  the  regularity  and  eynunet ry  wliieh 
are  seen  in  our  drawing.  The  iiTegnlarities  in  the  density  of  the 
lower  stratu  of  the  air  make  the  body  appear  imder  the  most  eurious 
aspjeets. 

[Reeent  res^earL-hes  into  the  aetion  of  the  light-riiys  of  the  Sun- 
beam have  made  us  aequaiiited  with  another  class  of  facts  of  the 
utmost  value  to  physical  astronomers,  as  bearing  upon  the  atmo- 
spheres of  our  sister  Planets.  Indeed,  the  more  we  study  the 
marvellous  mechanism  of  our  own  atmosphere,  its  maiiipidution,  m 
to  speak,  of  sunshine,  the  rein  forcing,  tempering  and  economizing 
power  it  possesses  by  reuson  of  the  aquc<jus  vapours  which  it  con- 
tains, the  more  we  see  that,  in  spit«  of  many  ideas  which  it  will 
be  our  duty  to  lay  before  our  readers,  it  is  not  impossible  that  the 
actual  heat  cxijcrienced  on  the  surfaces  of  uU  our  I'lanets  may  be 
vastly  different  from  that  to  wliich  they  would  be  apparently  entitled 
taking  onl)'  their  distance  from  the  Sun  into  account.  It  has  been 
stated,  that  the  heat-rays  from  the  San  pass  through  space  wilh<Hi1  loss, 
and  become  etl'ective  in  pr<*p:>rtion  to  the  density  of  the  atmospheres 
through  which  they  pa«s,  or  the  amount  of  water  present  in  them  ;  and 
if  so,  the  proportion  of  heat  receivi?d  at  Mercury,  Venus,  Jupiter,  and 
Saturn,  may  be  the  s^ime  as  thtit  received  at  the  Earth,  if  the  con- 
stituents of  their  atmospheres  be  the  same  as  that  of  the  Earth,  and 
greater  if  the  di'nsity  be  greater.  So  that  the  elective  sohir  heat  at 
Jupiter  and  Saturn,  notwithstanding  their  far  greiiter  distance  from 
the  Sun,  may  be  greater  than  at  either  the  inferior  planets  Mercury 
or  Venus,] 

Let  us  add,  in  concluding  our  notice  of  the  atmosphere  with  which 
our  planet  is  sun-onnded,  that  by  diftusing  on  all  sides  the  light  of 
the  Sun,  it  interjwses  a  bright  cuiiain  between  the  celestial  bodies 
and  the  JCarth,  which,  during  the  day,  veils,  as  it  were,  the  starry 
vaidt,  as  the  stains  are  not  sufficiently  bright  in  comparison  to  remain 
visible.  Without  this  ditfustHl  light  the  sk}^  instead  of  present uig 
that  azure  tint  which  we  all  know  so  well,  would  assume  the  aj>pearance 
of  a  black  ground,  on  whieii  the  stars  would  uppciir  and  shine  in  browd 
daylight,  as  they  do  when  a  solar  eclipse  cuts  off  the  Ruirce  of  its 


diifused  light. 
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MOVEMENT   OF    ROTATION. 


Apparent  Diurnal  Movement  of  the  Stars  and  Sun — Real  Rotation  of  the  Earth — 
The  difference  between  Sidereal  and  Solar  Days — The  Rapidity  of  the  Earth's 
Rotation  varies  with  the  Latitude. 


Mercury,  Venus,  and  the  Sun,  the  three  celestial  bodies  the  move- 
ments of  which  we  have  studied,  each  turns  round  one  of  their 
diameters  ;  this  is  a  phenomenon  which  seems  general ;  and  it  has, 
in  fact,  been  observed  in  all  the  bodies  near  enoiigh  and  large 
enough  to  permit  of  their  surface-markings  being  observed  from 
the  Earth. 

The  rotatory  movement  of  the  Earth  was  established  before  that  of 
any  of  the  other  celestial  bodies,  and  no  one  at  the  present  time  is 
ignorant  of  the  mamier  in  which  it  daily  manifests  itself  to  us. 

At  an  hour  of  the  morning,  which  varies  according  to  the  seasons, 
the  Sun  is  seen  to  appear  on  the  eastern  horizon.  By  degrees  it 
rises,  its  disk  becomes  entirely  visible,  and  mounts  gradually  in  the 
sky.  At  noon  it  reaches  the  highest  point  of  its  course ;  it  then 
conmiences  its  downward  course,  describing  in  the  second  half  of  the 
day  an  arc  symmetrical  to  the  first ;  it  then  sets,  and  finally  disappears 
in  the  evening  in  the  west.  The  rotation  of  the  Earth  is  thus  shown 
during  the  day. 

During  the  night  the  stars  accomplish  the  same  apparent  move- 
ment. The  entire  heavens  seem  then  to  possess  a  movement  of 
rotation,  which  always  takes  place  from  east  to  west  round  a  line 
of  constant  direction,  to  which  astronomers  give  the  name  of  Axis 
of  the  World.     This  is  no  other  than  the  axis  of  the  Earth. 

It  was  for  some  time  imagined,   that   the   heavens   themselves 
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ut'tuuUy  revolved  in  tlii.H  dtrertioii  ;  bul  in  i'nrt^  it  is  our  Earth  whii-h 
rotates  in  n  euiitmrv  one,  that  i8  to  say,  from  west  to  eii.st,  with  a 
nmtnrni  iiioveineiif,  the  tlunition  of  wliich  for  each  rotutinn  is  u  little 
U'sa  than  t'our-und-lwenty  hours.  Sinee  the  ti in o»  of  Copernicus  and 
(ialdeo,  the  fact  of  the  rotation  of  the  Earth*  demonstrated  beyond 
iJl  eontradietion,  hna  heen  universally  uduiitted»  a.s  well  as  its  annual 
translation  round  the  Sun  ;  but  it  is  none  the  less  true  now,  that  there 
is  still  in  some  minds  a  sinjj^nlar  confusion ,  arising  frtim  the  fact  that 
they  cannot  distfnj^uish  clearly  between  tliese  two  na>vcnients. 

The  rotation  of  the  Ivartli,  let  us  repeat,  is  a  daily  or  diiiAial 
movement,  which  is  accomplished  in  about  twenty- four  haul's,  and 
which  pi^oduccs,  besides  an  apparent  revolution  of  the  entire  celestial 
vault,  the  phenomena  of  day  and  night. 

Independently  of  this  diurnul  rotation,  the  Earth  has  a  move- 
ment in  space,  describing  round  the  Stm»  like  aU  the  other  planets, 
a  nearly  circidar  curve  or  orbit.  This  movement  of  translation 
gives  rise  to  the  year  and  the  seasons,  hut  it  does  not  cause  the  up- 
parent  diurnal  revolution  of  the  starry  sphere,  nor  the  sueeeBsion  of 
diiys  and  niglits  ;  it  only  modifies  their  relative  length,  as  will  be  seen 
in  the  seipieL 

Let  us  return  to  the  Earth's  movement  of  rotation* 

We  have  before  seen,  that  this  movement  is  unifiinn  ;  that  is  to 
Kay,  its  angular  velocity  is  constant.  The  prt>of  of  this  unifonnity  is 
easy,"  and  astronomers  have  satisfied  themselves  about  it  by  measiu-ing 
tljc  lengtli  of  the  arcs  describcKl  in  the  same  time  by  diflerent  stars. 
These  arcs  always  measure  an  equal  nuiuber  of  degrees.  If  we  note 
with  precision  the  interval  of  thne  which  elapses  between  two  eon- 
swuti\'e  pa.ssagcs  (or  tranmU,  as  they  are  called)  of  the  same  star 
over  the  meridian  of  a  place  from  night  to  night- — l>etween  two 
8uccei*sive  eulniinations* — ^we  shall  know  the  exact  length  of  an 
entire  rotation. 

It  has  thus  been  found  t(»  be  about  twenty -three  hours  fifty-!5iix 
minutes. 

This  interval  of  tinu^  has  received  the  name  of  a  ^ithrrft/  /ht/^f 
whilst  the  term  xf>/f^/'  //r///  is  reservetl   for   the  interval  of  time  which 

*  Astronomers  call  the  vertical  planfi  which  passes  through  the  a<>rth  and 
south  |3oiDt8  of  the  horizon  ai  a  pkco,  indefirTitc'ly  probnged  Into  s|iace,  the 
nieridmu  of  that  place.  When  a  star  ptta»es  the  jacritliiiD  it  is  at  t!ie  highe.st 
poiDt  of  iti*  apparent  diunml  coarse,  Heacu  thu  nam©  of  eitlmintiii'm  is  given 
to  this  pas,sage  (or  transit)* 

t  Tlie  ^tidcreal  clay  is  iHvidedj  like  the  solar  day,  into  twenty-four  hours* 
Sidereal  and  solar  hoar:*  are  divided  into  sidereal  and  solar  minutes  rcfapectively 
atnl  so  on:  of  tliis  more  presently. 
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elapses  between  two  sut^cessive  passagt^s  of  tlio  Sun  over  the  meridian ; 
this  second  interval  is  about  four  minutes  longer  tlian  the  first. 

Between  the  solar  diiy  and  the  sidereiil  day  there  ii*  a  funda- 
mental difterenco, — that  of  leng-th.  There  Ls  another  not  less  impc>r- 
taut ;  whiLst  the  length  of  the  sidereal  day  is  invariable,  that  of  the 
uolar  day  varies  throughout  the  year.* 

We  nnist  linger  »ome%vliat  on  the  fundamental  fact  that  the 
sidereal  da\'  is  shorter  thun  the  solar  one^  as  it  is  a  fact  which  follows 
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Fi>!r  47. — Ci»ini>f»rttSvc  Icnptli  of  ibo  eidcrofl,^  and  solar  djiy, 

from  the  aunaal  revolution  of  the  Sun,  mid  in  truth  is  one  of  the 
be.st  proofrt  i)f  its  existenee.  Tin's  |>ronf  is  rendered  e^ndent  by 
fig.  47. 

*  Hence  it  is  tlmt  astronniiiers,  with  a  view  of  obtaining  a  convenient  and 
uniform  measure  of  time,  liave  recourse  to  a  meun  solar  dutf^  tbe  len^tli  of  wb it'll 
is  equal  to  tbe  mean  or  aTen\;^e  of  all  tbe  apparent  solar  day«  in  a  year.  An 
imaginary  Sun»  calletl  the  **  Mean  Snc/'  ia  conceived  to  move  uniformly  with  the 
real  Snn^s  mean  (or  average)  motirm,  anil  the  interval  l>etween  tbe  departure  of 
the  mean  Sun  from  a  meridian^  and  its  succeeding  return  to  it,  is  t!ie  duration  r>f 
tbe  mea>n  aolar  day.  Clocks  and  chronometers  are  adjusted  to  mean  solar 
time, so  that  a  complete  revolution  (through  twenty- four  hours)  of  tbe  hour- hand 
shall  be  performed  in  exactly  the  eiarae  interval  as  the  revolution  of  the  Earth 
on  its  axis  with  respect  to  the  nican  Sun. 

As  the  time  deduced  from  olK^ervatinn  of  the  tru^  Sun  ia  called  "true*' 
or  "apparent'*  time^  so  the  time  detluced  from  the  m**an  Sun,  or  indicated  by 
the  machines  which  repi'eseiit  its  motion  ]»  denomiuateil  "  ftiean  time.*' 
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Wo  tluTi*  SCO  \hi*  Eurtli  in  tw<j  jMisifions  in  ifs  orliit*  pK*sitionR 
which  wv  will  suppose  separated  one  from  the  other,  by  fin  intervid 
ot'a  sidereal  day  ;  thut  is  to  say,  by  an  entire  rotation. 

In  the  tirwt  of  fltef^e  positions — that  on  the  let>,  the  meridian  8  0 
passes  on  ono  side  through  the  Sim  ;  it  is  noon  for  the  parts  of  the 
earth  situated  along  thij*  nieridlan  in  the  illuminated  licTin'sphere  ;  on 
the  opposite  side  it  pas-ses,  let  us  say,  through  some  paiiicular  star  ; 
it  is  midnight  on  that  i>art  of  the  Eiirth,  situated  along  this  meridian 
in  the  djirk  hemisphere. 

Let  lis  imagine  an  entire  rotation  aecoraplished,  while  our  planet 
18  travelling  along  its  orbit.  ^Vhat  will  happen  ?  This,  namely, 
that  the  meridian  considered  in  its  first  position,  after  haviiig  rotated 
round  the  Earth^s  axis,  is  :igain  pitrallel  to  that  position,  so  that 
if  the  Earth  had  remained  fixed  in  spaee^  the  8nn  and  stars  would 
reappear  at  the  stime  time  in  the  meridian  ;  the  sidereal  day  would 
have  lieeu  of  the  mme  length  as  the  solar  day, 

Bui  the  Eartli  is  not  m  fixed,  she  has  travelled  onward  to  another 
point.  The  star,  because  it  is  situated  at  an  infinite  distance,  is 
again  fimnd,  after  a  eomplete  rotation,  in  the  meridian,  which,  on  the 
illnmimittHl  side,  no  longer  passes  through  the  Sun.  It  is  clear 
from  the  figure,  that  the  Earth  must  still  describe  a  fraction  of  its 
movenu'nt  of  rotation,  in  order  to  bring  the  meridian  we  have  lettered 
S  O,  again  to  the  Sun. 

Thus,  the  difference  in  the  length  of  the  diurnal  rotation  of  the 
Earth,  and  of  the  solar  day,  is  exjdained  hy  the  animal  revolution 
of  our  globe  round  the  Bun,  which  is  thus  proved  gc^onietrieuUy, 


Since  the  Earth  has  the  form  of  a  sphere,  and  turns  with  a 
nnifonn  angular  velocity  round  an  ideal  line  of  invariable  direction, 
there  ought  to  result  from  this  movement  different  rates  of  movement 
for  the  various  points  of  its  surface. 

At  the  two  poles  this  velcMMty  is  ////:  but  from  the  poles  to  the 
Equator  it  increases  constantly,  as  the  radii  of  the  circles  described 
by  the  difierent  point-s  along  a  meridian, — or,  in  other  words,  the 
distance  from  the  axis  of  rotation, — increase  as  these  points  art* 
nearer  the  Equator, 

In  twenti^'-four  hours,  the  circle  descrilwHl  by  a  jiart  of  the 
globe,  situated  in  the  latitude  of  Paris,  is  entirely  traversed,  as  is 
that  parallel  to  it,  in  the  latitude  of  Reikiawifz  in  Iceland,  or,  finally,  * 
in  the  latitude  of  Quito  on  the  Equator  itself.  These  circles  are  of 
yery  different  lengths.  Hence  very  unequal  real  velocities.  These 
velocities  are,  at   Tl(nkiawitz  221   vanls  ;  at   Paris,  ^l^ifj   vanls  ;    and 
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ut  Quito  (on  the  Equator),  507  yards  a  second  ;  or  450,  682  and  1038 
milos  an  hour  resp€i"tivc4y. 

How  is  it  then,  that,  carried  with  such  a  rapidity,  we  do  not 
ourselves  perceive  our  inovenienf  ?  It  is  liecause  the  entire  bulk  of 
the  Earth,  atmosphere,  and  clouds,  partiripate   in  the  movement,* 

This  constunt  velocity,  mth  which  all  bodies  situated  on  the 
surfVice  of  the  Earth  are  animated,  woidd  be  the  cause  of  the  most 
terrible  and  general  catastrophe  that  could  be  imagined,  if,  by  any 
possibility,  the  rotation  of  the  Earth  were  iibruptly  to  cease.  Such 
an  event  would  be  the  prt^ursor  of  a  most  sweeping  destruction  of 
all  organized  beings. 

liut  tlie  constancy  of  the  laws  of  nature  permits  ua  to  contem- 
plate such  a  catastrophe  without  fear.  It  is  demonstrated  that  the 
position  of  the  poles  of  rotation  on  the  surfiice  of  the  Earth  is  in- 
variable. It  has  also  Ijcen  anked  whether  the  velrK^ity  of  the  I'^arth's 
rotation  has  changed,  or,  which  comes  to  the  sjime  tbijig^  if  the  length 
of  the  sidereal  day  and  that  of  the  solar  day  deduced  fi-oni  it  have 
varied  within  the  historical  pcrioil  ?  Laplace  has  replied  to  this 
question,  and  his  demonstration  shows  that  it  has  not  varied  the 
one  hundredth  of  a  second  during  the  last  two  thousand  years. 


♦  Wlio  was  tliat  ingenious  inventor  who,  seriously  or  otherwise,  suggested  that 
we  should  utilize  the  Earth's  rotation  as  the  most  rapid  mode  of  locomotion 
at  once  the  mpat  simple  and  econoiuical  tlmt  could  he  conceived  ?  This  was 
to  be  iLccorijplished  bj  rising,  in  a  hallcwn  for  instance^  t-o  a  height  inaccei?sible  to 
al^rial  currents!.  Then  the  halloon,  remaining  immovable  in  this  calm  region, 
wonLl  simply  await  the  moment  when  the  Earth,  rotating  iindemeath,  would 
present  the  place  of  destiiiation  to  the  ejes  of  the  travellei-s,  who  would  then 
descend.  A  wclbregulated  wateh,  and  an  exact  knowledge  of  lon^tudes,  would 
thus  render  ptjssible  travelling  from  east  to  west,  all  voyages  from  ritjrth  to 
south,  or  from  south  to  north,  niitunilly  being  interdieted.  This  suggestion  has 
only  t)ne  fault ;  it  supposes  that  the  atmospheric  strata  di"  not  pfirticipate  in  the 
movetncnt  of  rotatitui  of  the  w*\h\  part  of  the  globe. 

Tlie  inventor  did  not  remark  that  on  the  hypothesis  of  an  imn>ovable  atnios- 
pherc,  while  we  rotate  at  London  with  a  velocity  of  333  yar^la  a  second,  there 
would  result  a  wind  in  the  contrary  direction  ten  times  more  violent  than  the 
mo»t  terrible  hurriciine.  X^  not  the  absence  of,  such  a  state  of  things  a  con- 
vincing experimeiital  proof  of  the  participation  of  the  atmoaphcric  envelope  in 
the  general  movement  ? 
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THE  EAETH. 

REVOLUTION  ROUND  THE  SUN. 

The  Year— Dinieusions  of  the  Earth's  Orbit — The  Seasons — Difterence  in  the 
Length  of  Days  and  Nights,  according  to  the  Seasons  and  Latitudes — Zones 
and  Climates. 

The  movement  of  the  Earth  on  its  axis  manifests  itself  to  us,  as  we 
have  seen,  by  an  apparent  revolution  of  the  whole  heavens  in  the 
space  of  a  day. 

By  a  similar  illusion,  the  Sun  seems  to  describe  in  a  year,  round 
our  planet,  an  orbit,  which,  in  reality,  is  traversed  by  the  Earth  round 
the  Sun. 

The  exact  time  of  this  revolution,  in  mean  solar  days,  is  365 
days  6  hours  9  minutes  10  seconds  and  75  himdredths  of  a  second. 
In  this  interval  of  time,  the  Earth  sets  out  from  one  part  of  its  orbit, 
travelling  in  a  direction  from  right  to  left,  or  from  west  to  east,  and 
regains  the  point  of  departure ;  accomplishing  thus,  without  end, 
and  always  in  the  same  manner,  its  movement  of  translation. 

This  orbit  is  not  a  circle,  but  an  ellipse,  of  which  the  Sun  occupies 
one  focus.  The  mean  radius  of  the  orbit,  that  is  to  say,  the  mean 
distance  of  the  Sun  from  the  Earth,  measures  95,298,000  miles. 

The  velocity  of  the  Earth's  passage  along  this  inmiense  curve  is 
variable,  but  its  average  rate  is  33,290  yards  a  second,  or(68,000 
miles  an  hour.^,  So  that,  we  not  only  rotate  every  instant,  describing 
arcs  round  the  terrestrial  axis,  the  length  of  which,  varying  with  the 
latitude,  may  reach  as  high  as  500  yards  a  second  ;  but  we  are  again 
carried  through  space  with  a  velocity  which  exceeds  19  miles  a  second. 

If  we  contemplate  the  dimensions  of  the  globe  and  the  enormous 
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mass  of  the  Earth,  the  imagination  mil  be  confounded  in  the  presence 
of  the  gignntic  hall,  which  glides  through  space  with  such  rapidity. 

A  ealcuhition  of  two  contcmporarj^  philosophers,  Helmholtz  and 
Mayer,  will  perhaps  give  an  idea  of  the  prodigious  movement  which 
impels  our  globe.  These  physicists  have  endeavoured:!  to  ascertain  what 
amount  of  heat  would  be  developed  by  the  abrupt  stoppage  of  the  Earth 
in  ita  orbit.  They  have  found  that  this  heat  would  suffice  to  melt  the 
entire  globe,  and  to  reduce  a  great  portion  of  it  to  a  state  of  vapour. 

If  it  be  true  that  the  Earth  moves  thus  around  the  iSun  relatively 
fixed,  in  proportion  as  she  travels  in  one  direction  along  a  certain 
portion  of  her  orbit,  the  Sun  itself  will  seem  to  de^ribe  an  equal 
arc  in  a  contrary  direction  when  we  consider  the  arcs  described 
separately ;  but  if  we  compare,  in  fig,  48,  the  real  cuTA^e  described 
by  the  Earth  with  the  apparent  one  described  by  the  Sun,  we  shall 
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Fig.  48.^Bcal  Orbit  of  th«  Eartbf  Aud  apforent  Orbll  of  tho  Bniu 


'see  that  the  directions  are  the  siiine.  So  that,  as  the  proper  move- 
ment of  the  Sun,  which  causes  the  delay  of  its  passage  across  the 
meridian,  or,  what  is  the  same  thing,  the  inequality  of  the  »olar  and 
sidereal  days,  takes  place  frora  west  to  east»  the  real  too  vera  en  t  of 
the  Earth  is  also  effected  in  the  same  direction.  It  in  for  want  of 
comprehending  this,  that  some  authors  with  rather  imaginative  minds 
have  cried  out  against  the  fallacies  of  astronomers. 

Tlie  Sun,  then,  must  move  each  instant  across  the  starry  vault 
of  the  heavens,  and  its  centre  will  coincide  from  day  to  day  with 
different  star^.  Dimng  the  day  this  displacement  is  not  perceptible 
when  no  exact  measure  of  the  position  of  the  Sun  is  tiiken.  But 
we  need  only  recognise  that,  corresponding  with  the  displacement  of 
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the  Sun  during  the  diij,  there  must  he  an  analogous  Tnovement  of  the 
heavens  during  the  night,  to  eonipreheufl,  thtit  the  aspect  of  the 
constellations  must  vary  throiir^hoiit  ihv  whole  year.  It  is  in  con- 
sequence of  the  translatitui  of  the  Earth,  that  the  heiivens  defile 
progressively  over  the  horisson  of  any  given  phice*  or,  if  not  the  whole 
heavens,  at  It^st  thai  portion  of  them  which  are  brought  hy  the 
diui-nal  moveinent  above  that  horizon. 

The  length  of  the  year,  that  is  to  say,  of  the  interval  of  time  which 
ehtpwes  between  two  anecessive  paasagcs  of  the  Earth  through  the 
same  point  of  it*i  orbit,  is  about  305  J  mean  8olar  days.  IIow  many 
entire  rot^itions  on  its  axis  does  our  globe  execute  during  that  time  ? 
— ^3Gf)J^  ;  in  other  words^  if  the  nimiber  of  the  sohtr  days  of  the  year 
is  r\(tr)\,  the  nnmber  of  tiie  sidereal  days  i»  exactly  greater  by  unity. 

This  is  a  direct  consequence  of  the  yearly  revolution  of  the  Earth, 
condjined  with  its  diurnal  movement  of  rotation.  The  same  phe- 
nomenon^ which  at  first  seems  paradoxical,  is  produced  in  all  the  other 
plauots,  whatever  the  number  of  rotMions  accomplishcxl  during  a 
coniiilete  re%'olution  round  the  Sun,  and  w^hatever  the  durations  of 
their  sidereal  and  solar  days. 

Let  us  recall  the  tact  that  after  an  entire  rotation,  the  Sun,  which 
at  the  point  of  departure  passe<l  the  meridian  at  the  same  time  ats  ii 
gi\'eii  star,  lags  behind  about  four  minutes.  At  the  fullowuig  rotation 
there  is  further  dehiy,  w^hich  is  added  to  the  preceding  one  ;  and  so  on, 
until  the  annual  revolution  being  tenninatcd,  matters  are  found  in 
the  same  state  as  at  the  beginning.  Now,  if  in  order  to  return  to  a 
coincidence  of  the  8un  with  the  star  which  serves  as  a  means  of  com- 
parison, the  Earth  lias  eftected  366  rotations  on  its  axis,  the  star  will 
have  passed  366  fimes  over  the  meridian,  whilst  the  Sun,  exactly 
behind  hy  one  transit,  will  have  returned  to  the  meridian  once  less, 
that  is  to  say,  only  365  times. 

Let  us  now  pass  to  other  phenomena  of  great  interest  to  the 
inhabitants  of  the  Earth, —  phenomena  which  have  their  source  in 
the  double  movement  of  our  planet. 

From  one  day  to  another,  the  inhabitants  of  the  same  place — let 
us  rather  say  the  inhabitants  of  the  wirac  latitude — see  the  Sun  ascend 
above  the  horizon  to  variable  heights*  The  points  in  the  east  and 
west,  where  the  radiant  iKxly  rises  and  seta,  change  their  places ; 
the  Sun  at  noon  attains  a  greater  or  less  altitude,  and  the  k'ligth  of 
it«  daily  witjouni  above  the  honzon  gives  to  the  days  and  nights 
their  varialile  and  imequal  lengths  :  hence  different  temperatures 
and  diversified  clinuitic  conditions  ;  lience,  ike  Si'mom.  t)n  the  other 
hand,   these  conditions  themselves  change,  not  only  in  both  hemi- 
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apheres  of  the  Earth,  hwt  even  in  the  same  hemisphere,  according  tu 
the  latitude  of  the  place  considered.  Hence,  v!im(it(\  frigid  zones 
with  long  days  and  nights,  temperate  zones,  torrid  zones,  and  the 
regions  nearest  to  the  equntor,  which  have  each  yenr  two  summers 
and  two  winters,  and  where  the  length  of  the  day  is  always  equal  to 
that  of  the  night. 

The  astronomical  reason  of  all  these  phenomena  rests  in  the 
simidtaneoiia  movements  of  the  Earth.  But  there  is  a  circumstance 
which  influences  their  succesrfon  in  a  dominant  manner,  and  on 
which  we  must  now  iix  our  attention. 

Let  us  glance  at  Plate  VI,  which  represents  the  orbit  of  the 
Earth  and  the  position  of  our  planet  in  vtirious  points  of  it.  We 
shall  see  that  the  axis  of  rotation  in  neither  perpendicular  to  the 
plane  in  which  the  orbit  lies,  nor  in  thi^^  plane*  but  that  it 
fbrms  with  it  a  certain  angle  nearly  equal  to  two-thirds  of  a  right 
angle  (66"^  32^  4'^",)  This  inclinntion  is  constant  duiing  the  whoK^ 
year,  or  at  least  varies  only  l>etween  very  small  limits ;  besides  thin, 
the  axis  always  remains  piimllel  to  itself.  It  is  the  parallelism  of  the 
axis  which  accounts  for  the  nearly  invariable  position  of  the  celestial 
pole  above  the  horizon  in  each  locality,  pro^-idt^d  we  bear  in  mind 
the  nearly  infinite  distance  of  the  stars  from  the  Earth. 

Among  all  the  positions  which  the  Earth  occupies  \n  its  orbit, 
there  are  four  principal  ones,  diametrically  opposed,  in  pairs,  which 
influence  in  a  most  important  manner  the  relative  lengths  of  day  and 
night,  and  the  seasons;  these  are  the  two  equinoxes  and  the  two 
solstices. 

Here  are  the  order  and  dates  of  their  succession  : 

Towards  the  2 1st  of  March,  the  Earth  is  at  the  first  of  these 
points,  called  the  Spring  Equinox  ;  then  comes  the  Hummer  Solstice, 
about  the  21st  of  June;  the  Autumnal  Equinox,  near  the  22nd 
of  September  ;  and,  lastly,  the  Winter  Solstice,  which  gene- 
rally falls  on  the  21st  of  December.  Each  of  these  |>oints  marks 
the  commencement  of  the  season  after  which  it  is  named.  The 
precise  epochs  of  these  four  fundamental  positions  vary  each  year, 
but  within  a  somewhat  restricted  limit,  as  may  be  seen  from  the 
following  table  :  — 

COHMENCEMENT  OF  THE  FoUR  SEASONS. 


1H05. 

1804. 

Bsvim 

.    .    March  20,  6*  IJJ*  a.m. 

.      March  20,  2*'  15* 

p.m. 

SUIOCZR     . 

.    .    June  21,    5  25    a.m. 

.       June  21,  10  55 

a.m. 

Autumn    . 

.     .    Sept,  22,    7     1    p,iu.      . 

Sept.  23,     1     8 

&.m. 

Winter    . 

,    .    Dec.  21,     1    13    p.m.      , 

.      Dec.  21,     6  59 

p^m 

lis 
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WHien  the  Earth  is  at  one  or  the  other  of  the  Equinoxes,  the 
plane  of  the  Eqiiatur  prolonged  passes  precisely  through  the  centre 
of  the  HiiTi.  The  two  polen  of  the  phinet  are  then  symmetrically 
placed  with  re«^^ani  to  the  radiant  hmly,  anrl  the  eircle  of  septiration 
of  the  illnniinated  hemisphere  and  the  dark  honusphere  liea  in  a 
meridian. 

It  results  from  this  partieular  pi^sition,  that  each  part  of  the  Earth, 
whatever  its  latitude,  describea  half  its  daily  journey  imposed  on 
it  by  the  Earth's  rotation,  in  shade,  and  half  in  sunshine.  Fig.  49  will 
explain  this. 


Fig  4t>.— Tlic  Ejirth  nl  in  ca^uinox.    E«iiiril  diiy  nud  algbt  oil  ttvur  thb  world 

Thus,  at  the  time  of  the  equinoxes,  the  length  of  the  day  is  equal 
to  that  of  the  night  all  over  the  world,  Tho  Sun  remains  twelve 
hours  above  the  horizon  of  cacli  place,  and  twelve  hours  Im4uw  it. 

Fruni  tlie  Hprin«;  etj^ulnox  to  the  summer  S4>lstiee,  the  Earth 
truvtTses  the  portion  of  it8  orbit,  which  corresponds  to  the  months 
of  April,  May,  and  June.  Its  axis  remaining  always  punillcl  to  itt^elf, 
one  of  its  polee, — the  North  Pole,^ — is  turned  more  and  more  towards 
tho  Sun  ;  during  the  same  period,  the  South  Pole,  on  the  contrary, 
is  turned  more  and  more  away  from  it.  The  day  and  night  become 
more  and  more  unequal  in  length,  and  this  inequality  attains  its 
maximum  towarda  the  21st  of  June  (tig.  50). 

The  circle  of  sepamtion  of  sunshine  and  shade  having  travelled 
fnrtlier  from  i]w  Pt^lc,  it  follows  that  the  length  of  the  nights  of  the 
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northern  hemiBpliere  has  contmuonaly  decreased;  the  dtiy,  on  the 
contrary,  increasing,  and  in  mn^h  gr^iter  proportion  a8  the  places 
are  more  distant  from  the  equator. 

Tlie  southern  heniisphere  hu8,  during  this  period^  experienced 
inverse  phenomena ;  at  the  equator  only,  has  the  day  continued  to 
lie  equal  with  the  night, 

i'rom  the  21st  of  June  to  the  22nd  of  September,  the  Earth 
passes  from  the  summer  solstice  to  the  autumnal  equinox*  Dui^ing 
the  second  period,  the  North  Pole  is  turned  towards  the  Sun,  while 
the  South  Pole  remains  plunged  in  darkness  ;  the  alternations  of  day 


Ki  .  %\)  —Ihii  Kartb  At  tt  Solittitse.     tJtteqimI  day  nud  night. 

and  night  presc^yt,  in  inverse  order,  during  the  summer  the  same 
phenomena  as  during  the  spring. 

Thus,  for  8ix  months,  the  regions  near  the  Xorth  Pole  have 
continually  seen  the  Sun  above  the  horizon,  those  of  the  South 
I*ole  have  always  had  it  below.  Hence,  in  their  icy  deserts,  here 
a  day  of  six  nuiiiths,  there  a  night  of  six  months,  tempered,  it  is 
true,  by  a  continual  twilight.  During  each  twenty-four  hours,  in 
consequence  of  the  diurnal  rotation,  the  Sun  thus  describes  a  curve, 
which  grazes  the  horizon,  though  not  quite  paraUel  to  it,  describing 
a  double  spiral,  which  rises  constantly  until  the  20th  of  June,  and 
afterwards  descends  to  the  beginning  of  autimin. 

If  the  course  of  the  Earth  during  one  half  of  the  year  has  been 
well  understoofl,  it  will  be  easily  seen  how,  during  the  other  half, 
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similar  phenomena  will  occur  in  symmetrically  inverse  order.  At  the 
autumnal  equinox  we  shall  have  equal  days  and  nights  throughout  the 
Earth.  The  autumn  and  winter  of  the  northern  hemisphere  will  be 
the  spring  and  summer  of  the  southern  one.  The  same  differences  in 
the  relative  lengths  of  night  and  day  will  also  be  presented :  the 
only  difference  arising  from  the  different  length  of  the  corresponding 
seasons  in  the  two  hemispheres. 

A  word  now  on  the  inequality  of  seasons. 

Let  us  once  more  insist  upon  the  fact,  that  the  orbit  of  the  Earth 


Jtittimnal  Equinox 


Fig.  51.— Orbit  of  the  Earth.    Varying  length  of  the  different  Seaaons. 

is  not  a  circle,  but  an  ellipse,  and  that  the  Sun  is  not  in  its  centre,  as 
would  appear  from  Plate  VI,  but  in  one  of  its  foci.  More  than  this, 
the  major  axis  of  the  ecliptic — which  is  the  astronomical  term  for  the 
orbit  of  the  Earth — does  not  exactly  pass  through  the  solstices.  In 
fig.  51  their  non-coincidence  has  been  purposely  exaggerated. 

We  shall  immediately  comprehend  from  an  inspection  of  the 
diagram  that  winter  ought  to  be  the  shortest,  and  summer  the 
longest  of  the  four  seasons :  the  two  other  seasons  are  of  inter- 
mediate lengths,  spring  being  the  longer  of  the  two. 

This  would  be  true,  owing  to  the  fact  of  the  inequality  of  the  arcs 
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.  alone,  even  if  the  Earth  travelled  with  a  constant  yelocity 
over  every  portion  of  its  orbit.  But  the  inequality  is  largely  increased 
from  another  cause. 

We  shall  see  in  the  sequel,  that  every  planet,  moves  round  the 
Sun  with  variable  velocities,  and  more  rapidly  as  it  approaches  the 
common  focus.  The  Earth,  therefore,  moves  less  quickly  during  the 
summer  season  of  the  nortliern  hemisphere  than  duiing  the  ranter 
seaaon,  and  this  again  contributes  to  increase  the  difierence  in  their 
lengths. 

The  mean  durations  of  the  seasons,  in  the  order  in  which  we  have 
spoken  of  them,  are  as  follows  : — 


Spring  . 
Summer 


AutMnm 
Winter 


The  first  two  seasons,  as  do  the  two  others,  differ  only  but  seven- 
tenths  of  a  day,  that  is  to  say,  16  hours  48  minutes.  But  the  spring 
{^ceeds  the  autumn  by  3  days  4  hours  48  minutes,  and  the  summer 
is  longer  than  the  winter  by  4  days  14  hours  and  24  minutes. 

At  the  extremities  of  the  larger  diameter  (or  "  major  axis,*'  as  it 
is  c^iUed)  of  its  orbit,  the  Earth  is  nearest  to  and  most  distant  from 
the  Sun.  It  is  at  its  miixinium  distance,  or  aphiimi,  in  the  first  days 
of  July,  and  at  itsminimuju  distance,  or  perihvimt^  a  few  days  after  the 
winter  solstice — about  the  3Lst  of  DfH^-eraber. 

Thus  the  8un  is  farther  from  us  during  the  spriag  and  sununer 
than  during  the  autumn  and  winter  of  the  northern  hemisphere,  a 
circumstance  which  proves  that  it  is  not  to  the  det-rease  of  the  Sun's 
distance  that  we  must  attribute  the  increase  of  heat,  or  rather  of 
temperature,  of  any  given  place  on  our  hemisphere. 

During  the  northern  spring  and  summer,  the  Sun  remains  above 
the  horizon  of  a  place  longer  than  in  autumn  and  winter  i  the  length 
of  the  day  exceeds  more  and  more  that  of  the  night  as  the  solstice  is 
approached.  That  is  the  most  imiwrtant  cause  of  the  increase  of 
temperature  during  the  summer  months.  Another  cause,  not  tQ  be 
passed  over,  is  the  height  of  the  Smi  above  the  horizon.  The  diurnal 
arc  described  by  the  gi-eat  light-giver  rises  higher  and  higher  from 
the  time  of  the  spring  equinox  to  the  summer  solstice,  returning  in 
inverse  order  from  the  summer  solstice  to  the  autumnal  equinox. 
The  rays  that  he  sheds  on  the  divers  points  of  the  north  era  hemi- 
sphere traverse  the  atmosphere  lesa  obhquely  than  in  winter  and 
autiimn  ;  and  the  intensity  of  the  heat  received  is  much  greater  when 
this  obliquity  is  less,  a  cii'cumstance  easily  explained  by  the  smaller 
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tbicknesfl  of  the  atmospheric  strata  tra\Tr.scd.  Besides,  if  wo  leave 
the  thiekneAS  of  the  atmosphere  out  of  the  question,  the  obliquity  of 
which  we  speak  is  in  itself  a  eauae  why  the  lieat  I'ec^eiv*^!  Hlioidd  be 
less  eonsitlerable. 

The  preceding  exphination  applies  to  the  southern  hemisphere 
during  the  seawns  of  autumn  and  winter,  whieh  are  to  it  what 
.s]iriiig  {ind  summer  are  to  us.  And  as  the  Sun  is,  besides,  at  a  less 
distance  from,  the  Earth,  the  intensity  of  the  heat  is  greater :  as  also 
in  the  winter  seasons  of  the  same  hemisphere,  the  cold  is  more 
intense.  In  the  long  run,  however,  these  inequalities  are  comiiensated, 
and  the  mean  temperatures  of  the  year  are  nearly  the  same,  both 
north  and  south  of  the  Equator. 

We  speak  hero  merely  of  the  purely  astronomicid  influenees, 
leaving  out  of  the  question  the  (bousaud  locnd  disturbing  causes 
which  may  exist  or  arise ;  the  climate  of  a  place  being  a  resultant 
of  them  all.  From  this  |xiint  of  view,  it  is  also  easy  to  comprehend 
why  the  maxima  of  heat  and  cold  do  not  lull  exactly  at  the 
Solstices,  but  some  little  time  after,  in  July  and  January.  From 
tlu^  20th  of  Jmie,  the  Earth,  already  warmed  by  the  days  of 
spring,  continues  to  receive  from  the  8mi  during  the  day  more 
heat  than  it  radiates  during  the  night;  its  temperature,  therefore, 
still  increases.  Chi  the  other  hand,  towards  the  2 1st  of  December, 
the  Karth,  already  chilled  by  the  long  nights  of  the  autunmal  j^>eriod, 
still  continues  to  get  colder,  because  it  loses  more  heat  during  the 
night  than  it  rei*eives  during  the  day* 

More  than  this,  the  seasons  ore  very  diflerent  for  every  point  of 
the  same  hemisphere.  From  the  equator  to  one  or  the  other  pole, 
we  pass  by  imperceptible  degrees  from  an  intense  heat  to  an  ex- 
treme cold.  On  the  surface  of  the  gh^be,  five  zones  or  climates  are 
tlislinguished,  which  succtHxl  in  the  following  order: 

T/w  Turvhl  Zoiu\  which  comprises  all  the  regions  north  and  south 
of  the  equat4)r,  where  the  Sun  is  vertical  twice  a- year ;  it  is  bounded 
by  the  tropics  in  hit,  23°  north  and  south. 

Two  Tempvrfife  ZoitfH,  which  extend  on  either  side  the  tropics  to  a 
latitaide  of  bti*^.  To  all  the  countries  comprised  in  these  zones,  the  Sun 
never  rises  to  the  zenith,  and  the  limit  of  its  least  meridional  altitudes 
is  comprised  between  66"^  and  the  horizon. 

Lastly,  two  Fritjkl  or  Chxtimpoiar  Zones,  Within  the  limits  of 
these  zones  the  Sun  descends  to  the  horizon  and  disappears  even  be- 
neath \U  here  for  one  day,  there  for  six  months.  It  never  rises  to  an 
altitude  greater  than  4B°,  and  at  the  pole  itself  the  maximum  idtitude 
ia  but  half  that  quantity. 
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The  superficiul  iiroas  of  these  zones  are  very  uiieqiuil ;  thi*  torrid 
zone  embraces  -i*Q^5ths  of  the  tottJ  surface  of  the  terrestrial  spheroid ; 
the  two  tempenite  zones,  iVtJ*li^  »  ^^^^»  lastly,  the  two  frigid  zones, 
,  ggths.  Thus  the  two  tiemperate  zone?*,  the  most  fjivimrable  to  human 
hahitatiuii  and  to  the  development  ot'  civilised  life,  comprise  more  than 
half  the  extriit of  tlio  Eartli  ;  the  fri*^i^l  zone8,  %vhifh  m«y  almost  he 
termed  uninhabitable,  form  a  very  smuU  fruetion-  In  these  quantities 
both  land  and  sea  are  included. 


The  various  pheoomena  which  we  have  just  considered  depend 
directly  upon  the  rotation  of  the  Eiirth  and  its  annual  movement  of 
tmnslation  in  space.  The  length  of  this  rotation,  or  of  the  sidereal 
day,  the  inclination  and  the  parallelism  of  the  axis,  the  duration  of 
the  year,  the  form  of  the  orbit  and  its  real  dimensions,  are  so  many 
elements  which  combine  to  produce  them.  If  all,  or  some  of  them, 
wtTe  to  change,  the  days  and  the  nights,  the  seasons  and  climates, 
wouhi  eliange  also,  and  the  coosequences  which  would  residt  to  the 
coTiditious  of  lite  on  our  planet  woidd  prcKluce,  either  in  the  long  run, 
or  sufhlenlyj  the  most  profound  modtiications  and  most  considerable 
changes. 

We  have  already  seen  that  the  length  of  the  day  has  remaine<i  in- 
variable during  the  historic  periwL  The  same  may  be  said  of  tlie  year. 
But  if  the  form  of  the  terrestrial  orbit  and  the  inclination  of  the  axis 
of  rotation  vary  imperceptibly,  the  periodical  variability  of  these  ele- 
ments is  confined  within  narrow  limits,  so  that,  except  for  uiifoi-eseen 
and  imprcjbable  catastK.>phes,  the  astronomical  conditions  of  our  planet 
can  be  considered  as  invariable.  The  source  of  the  light  and  heat, 
and  evc^n  of  life,  on  our  own  globe,  and  on  the  other  planets,  no  doubt, 
is  being  gnidually  dried  up,  hut  calculation  has  shown  that  millions 
of  years  must  elapse  before  the  gnulual  weakening  of  its  rays  can 
modify  perceptibly  our  terrestrial  climates. 

^\nien  we  come  to  study  the  other  members  of  our  system,  we  shall 
scxjii  find  the  most  curious  variety  in  the  astronomical  —  and  tlterefore 
climatic — conditions  of  each  of  them.  Governed  by  identical  laws, 
they,  nevertheless,  vn]i  ijrescnt  to  us  the  most  wonderful  diversitit^s, 
in  the  same  munner  as  tlie  organic  kingdom  constructed  with  a  small 
number  of  simple  elements  on  a  plan,  the  unity  of  which  is,  day 
by  day,  becoming  more  evident,  furnishes,  neveHheless,  to  the  in- 
telligent admiration  of  man  a  eonsidcTable  number  of  various 
sub^^tances,  and  a  still  more  prodigious  number  of  genera,  species, 
and  varieties. 
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Phases  of  the  Moon — Its  Movement  round  tlie  Earth— Dimensions  and  Distances; 
recent  meastirefi,  Effect  of  Irradiation  in  the  Case  of  the  Moon  ^R<itation— 
Rotation  and  Eevohitiou  ptjrformed  in  the  same  time — The  Moon'a  Urlnt 
always  Concave  to  the  Sun — The  Moon's  Eotatioii  on  its  Axis- 

Ootng  to  its  successive  and  periodical  appeariinees  and  disappearances, 
— the  variety  of  Ibiin  of  its  luminous  portion,  and  the  varying  illu- 
mination due  to  its  light,  the  Moon  is  certainly  the  hody  which 
above  all  others  gives  the  greatest  diversity  to  the  aspeet  of  our 
nights.  Tlie  white  and  soft  light  i^^th  which  it  inundates  the  land-  * 
scape  is  the  delight  of  all  those  who  are  sensible  to  the  beauties  of 
nature;  poets  have  not  failed  to  introduce  it  in  their  descriptions, 
and  painters  in  their  pictures.  But  the  absence  or  the  presence 
of  the  Moon  in  the  starry  vaidt  is  not  less  interesting  to  astronomers 
than  to  artists— to  science  than  to  poetry.  It  in  only  from  the  astix)- 
nomical  point  of  view  that  we  sliull  here  speak  of  it. 

When  the  Moon  shines  in  the  heavens,  when  even  she  shows  us  a 
small  part  only  of  her  illuminated  side,  the  brightness  of  her  light 
effaces  the  smallest  starB  visible  to  the  naked  eye.  The  number  of 
stars  thus  renrlered  in  visible  ^ — put  out  as  it  were,  is  much  more  con- 
siderable as  the  Moon  approaclies  the  full ;  then  the  glimmer  of  the 
Milky  Way  i*^  lost  in  the  diffiised  light  of  the  atmosphere,  and  only 
the  most  brilliant  stars  remain  perceptible  to  the  unaidt^l  visirm. 
Moreover,  as  the  time  during  which  the  Moon  is  visible,  increases  with 
its  brightness,  it  soon  becomes  impossible  for  astronomers  to  make 
dclieute  observations,  at  leiist  ii*  they  do  not  proixise  to  study  the 
Moon  itself,  or  the  more  brilliant  stars. 

Happih'  for  observers,  the  Moon  disappears  periodically  trom  the 
heavens,  and  thus  restores  to  the  celestial  vauU,  when  the  air  is  ch^ar 
and  calm,  all  its  splendour  and  magnificence.  The  great  proximity 
of  the  Moi3n  to  the  Earth,  which  it  incessantly  accompanies  in  its  revo- 
lution TOund  the  Sun»  makes  it  one  of  the  most  interesting  among  the 
celestial  bodies.     What  can  be,  in  fact,  more  curious  than  this  little 
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system  in  1  he  viist  syati'iu  of  the  sokr  world ;  this  Earth  in  miniii- 
tiire,  peri>ctimlly  executing  round  our  globe  a  series  of  movements 
entirely  similar  to  those  that  our  Earth  in  turn  performs  round  the 
Sun.  Further  on,  when  we  ahidl  see  other  plimets,  acajnipuaiiyl 
idso  by  satellites,  and  forming  with  them  so  many  little  systems, 
we  shall  more  easily  be  able  to  irppreciute  the  phenomena  w^hieh 
these  iSMfellites  present  to  ob.serverH  situated  in  the  pnmary  body, 
if  we  in  this  plaee  study  those  presented  by  <*ur  own  Moon  and  Earth 
in  detail. 

Lei  ns  begin  with  uur  satellite  us  it  appears  to  the  naked  eye. 

Two  facts  are  Ioiot^tx  to  every  one ;  first,  that  in  an  interval  of 
twenty-nine  or  thirty  days,  the  Moon  is  seen  under  a  series  of 
appearances  whieh  are  called  phmvH^  which  are  reproduced  periotli- 
cally  in  the  same  order.  8eeond»  that  it  always  presents  the  same 
face  to  the  Earth,  in  such  a  manner  that  we  only  see  one  of  its 
hemispheres ;  the  other  half  of  the  lunar  globe  remaining  for  ever 
invisible  to  us* 

Now»  these  two  facts  are  proofs  positive,  that  the  Moon  has  two 
•motions,  one  of  revolution  round  the  Earth,  another  of  rotation  on 
itself*.  These  two  movements,  by  a  curious  coincidence,  are  made  in 
the  same  interval  of  time.  If  we  follow  the  Moon  through  the  course 
of  one  of  its  revolutions,  we  shall  be  convince<l  of  the  reality  of  these 
movements,  and  of  the  fact,  that  they  are  both  perfonned  in  the 
same  time. 

We  know  that  there  is  a  New  MooUj  when  our  mitellite  is  invisible, 
Ijot  h  during  the  day  and  night.  It  then  occupies  in  the  heavens  a 
place  very  near  the  Sun,  presenting  to  us  its  dark  hemisphere ;  for 
this  reason,  and  because  also  it  is  lost  in  the  splendour  of  the  solar 
rays,  it  is  invisible  to  us. 

About  four  days  elapse  between  the  disappearance  of  the  Moon 
in  the  moiTiing  in  the  east,  and  its  reappearance  in  the  evening  in 
the  west,  a  little  after  the  setting  of  the  Sun  ;  the  instant  of  new 
moon  occurs  precisely  in  the  mid  interval ;  after  this  ept>ch  it 
gradually  emerges  from  the  Smi's  rays. 

We  see  it  first  (Plate  VII)  in  the  fonxi  of  a  very  slender  crescent, 
the  convexity  of  which  is  turned  towards  the  point  below  the  horizon 
occupied  by  the  Sun  ;  at  this  time  the  obscure  portion  of  the  Moon's 
disk  is  seen  very  distinctly.  The  delicate  transparent  tint  which 
renders  it  visible  is  known  under  the  name  of  Earth-shine^  or  litmi^re 
ce.mir4(\  and  is  due  to  the  reflected  light  of  the  Earth. 

Drawn  along,  appirently,  by  the  diurnal  movement,  the  body 
soon  sets  bt^low  the  horizon.     The  next  day,  the  same  appearance 
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again  ocmrs,  but  already  the  crescent  is  less  delicate,  the  liimmous 
I>ortitm  larger,  and  the  Moon  somewhat  farther  from  the  Sun,  setting 
alno  a  little  later. 

The  fourth  day  uftcT  the  new  moon,  the  form  and  appe^inmee  of 
our  Satellite,  which  sets  only  three  lionrw  after  the  8un,  ia  that  which  is 
represented  in  the  swond  figure  of  I'late  VII,  The  Earth-shine  18  still 
v<Ty  [XTceptihlf^  ah  hough  it  diminishes  more  and  more,  to  ditiappear 
altogether  at  the  ibilowing  phase,  which  ia  called  the  First  Qnartrr, 

Between  the  seventh  and  eighth  days*  of  the  Moon,  it  \^  presente<] 
to  UB  under  the  form  of  a  semicircle,  partly  visible  during  the  day, 
as  this  time  the  diuniid  movement  only  causes  it  to  apprcjach  the 
horizon  some  six  hours  after  sunset.  To  the  prweding  phase,  the 
various  features  spread  over  the  Moon's  surface  w^^re  visible.  But 
at  this  time,  these  markings  ore  distinguiHlied  with  great  clearness 
\m  the  hnninous  half  circle,  more  esj>ecially  at  the  division  between 
the  illumimited   and   the   dark  portion  called  "  the  tenninator." 

Between  the  first  quarter  and  the  Faii  Moim^  seven  days  again 
ehipse,  during  w^hieh  the  form  of  the  illuminated  ptrt  aiiproaehes 
ncaiT^r  and  nearer  to  that  of  a  complete  circle  ;  the  Mmm  rises  and 
sels  later  and  hiter,  always  turning  towards  the  west  the  circular 
port  ion  of  its  disk. 

Lastly  it  prcHcnts  to  us  the  whole  of  its  ilhmiinated  portion, 
ahoui  Hfteen  days  after  the  new  moon  ;  then  the  hfuir  of  its  rising 
is  nearly  that  of  tlie  setting  of  the  Hun,  w^hich  in  turn   rises  when 

tlie  Moon  sets.  It  is  midnight  wlien 
it  attains  the  highest  part  of  its  course, 
or,  in  astmnomical  huiguage,  wht^n  it 
passes  the  meridian  ;  then  the  Sun 
itKulf  passes  the  lower  nu*ridian  under 
the  horiKou  ;  that  is  to  say,  relatively 
to  the  Karth,  the  Moon  is  pr^-i^isrly 
opposite  the  Sun, 

Fi-om  the  time  of  full  moon  to  the 
next  new  moon,  the  circular  form  of 
the  visible  portion  of  the  disk  di- 
minislies  by  degrees,  and  at  last  jjuts 
on  the  appearance  first  noticed,^ 
that  of  a  slender  crescent.  But  this  tunc  (he  convexity  is  tunnnl 
towards  the  east;  in  fiict,  ,tho  half  circle  Ivounding  the  illuminated 
pc»rtion  naturally  always  faces  the  Sun^ 

In  the  mid  interval  which  separates  the  full  moc»n  from  the  follow- 
ing periml,  at  the  Lffjff  Qtmrfrr  we  get  a  phase  like  that  presentcfl  at 


Fi^-  '»-■ — hiuit  t»liaM:  of  Ltie  Jlli;>iti]u 
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the  first  quarter,  but  inveraely  situated.  In  this  gec^^nd  part  of  the 
lunar  period,  or  Liuiatioiu  the  apparent  position  of  the  MtMjn  in  the 
Heavens  approaches  nearer  and  nearer  that  of  the  Sim.  Towai-da 
the  last  days,  it  pret't^e^  it^  rise  by  very  little,  until  it  is  again  lost 
in  its  rays,  finally  to  disappear,  and  then  to  again  appear  as  a  f^w 
moon^  at  the  commencement  of  the  next  lunation.      The  Earth-shine 


/U  warier 


Fig.  &3.— OrbSi  of  thb  Moon.     Expknfttion  of  tbo  rb;k<«uB. 

again  becomes  visible,  after  the  last  as  before  the  first  quarter,  and 
becomes  more  apparent  iis  the  \asible  portion  of  the  disk  diminish  en. 
This  succession  of  the  phases  of  the  Moon,  which  is  constantly 
reproduced,  and  always  in  the  same  manner,  results  evidently  from  the 
movement  of  the  Moon  round  the  Earth,  Thin  will  Ix?  easily  under^ 
stcMxl  from  fig,  53,  and  it  will  he  there  h<een  why  the  phases  *jf  sue - 
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ce8sive  lunations  are  precisely  the  siime,  when  the  Sun,  the  Earth,  and 
the  Muon  oceiipy  tlio  ^ame  relative  positions ;  while  if  we  referred 
tlie  p)aee  trreujuefi  by  the  Jloon  to  the  stars,  in  two  or  more  similar 
and  consecutive  phases,  it  would  he  seen  that  it  doea  not  occupy 
the  8ame  point  of  the  sky^ — that  it  doe«  not  even  traverse  the  mime 
con^ti'Ilutions  ;  a  fact  which  results  not  only  from  the  movement  of 
the  Earth  in  itn  orbit,  but  from  the  variations  of  the  niovement 
of  the  Moon  in  hers.  In  a  little  more  than  29 1  days,*  the 
Moon  returns  to  occupy  the  same  position  with  respect  to  the  !Suu 
and  Earth  ;    this  marks  the  length  of  the  lunar  month  or  hmation. 

It  mu8t  be  addedi  that  this  length  exceeds  by  more  than  two 
days  the  time  of  a  complete  revolution  of  the  Moon  in  its  orbit, 
that  is,  of  its  sidereal  re  volution,  f  This  difference  i.*^  due  to  the 
movement  of  the  Earth  ix)und  the  Sun, 


Yi^.  .:•^  —  ApjuiiiJiJt  dimuikftioim  tif  tin:  SToou  ui  iu  oxtrLU«c  nmJ  mcuu  tlislajut^  fri.rii  tho  Eann 

Considering  the  Earth  as  fixe<l,  the  orbit  which  its  satellite 
ilcseribes  round  it  is  an  ellipse  of  whicli  the  Earth  occupies  one  of" 
tlie  foci.  The  distance,  thereffu^e,  wbieh  seijanttes  the  two  bodies, 
varies  ineeasanrly,  and  as  a  consequence,  the  apparent  diameter  of 
tlic^  IMoon  varies  uls<j,  but  inversely  ;  a  fact  proved  by  observation, 
and  especially  by  inicromctrical  measures  of  its  disk. 

The  figures  here  given  will  enable  us  to  form  a  pi'ecise  idea  of 
tliese  variations. 

The  greatest  distance  of  the  Moon  from  the  Earth  is  alwiut 
643  times  tbe  equatorial  radius  of  our  globe.  When  the  Moon 
18  at  this  distance,  it  is  said  to  be  in  fijM)gee.  At  the  time  of 
prrigre,'^  that  is  to  say,  its  least  distance,  it  is  not  further  from  us 


*  29  davH,  I  '2  hours,  44  minutefi,  3  seconds. 

t  The  Moorrs  sidereal  day  is  27  dayp,  7  hours,  43  minutes,  1 1  i  feetond-s  long. 

X  Apogee,  from  ai^-i./ro/n,  and  >i,  the  Earth,     P^riga;^  from  wi^i*  uear^  and  yn. 
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tUun  ^j7 i  of  tlieao  raclii,  wlieucc  it  ivsults  lliut  iis  imun  dihtuuco 
is  GOj  mdii,  thut ,  is,  nearly  equal  to  the  400th  purl  of  the  dktiiuee 
uf  the  Eiirth  from  Iho  Sun,  whieh  i>»,  as  we  hiive  seen,  in  round 
numbers  24,000  terrestrial  radii.  We  rau.^t  then  make  a  ehaiu  of 
thirty  globes,  equal  in  size  to  the  Earth,  touehing'  eiieli  other,  and 
in  ii  straight  line,  to  reaeh  the  il<j«jn.  [Aeeordirig  to  the  Litest 
researehi^  of  l*rofo.4wor  Adain^,  tlie  mean  ilisitauce  of  the  eeutres  of 
the  Earth  and  ^loon  is  2^38,793  miles,  and  this  we  know  to  be 
forreet  withiu  a  very  ffw  miles.] 

After  we  have  pas^sed  tlie  heavens  under  review,  we  shall  return 
to  the  interesting  question  of  the  di.stanees  of  the  ditferent  biKlien, 
aiul  we  flhull  attempt  t-o  give  an  idea  of  the  methods  whieh  enable 
U8  to  determine  them.  We  shidl  then  see  how,  relying  on  very  simple 
gtMimetrieal  prineiiJes,  iind  aided  by  instruments  of  great  perleetioii, 
astronomers   can   mea.sure   the   disttinces   of  some   bodies   near    the 


F^.  &5.— DUTcrcjitio  of  the  dkUuca  of  the  Alooiu  At  the  htiruou  fti&d  at  thio  zenith. 

Earth,  infer  from  these  measures  the  distaneea  of  the  other  members 
of  the  syistem,  and,  finally,  gauge  the  profnnilities  of  the  ethereal 
vmilt  without  quittiug  tlie  movable  wtand  -  point  whore  Nature 
has  plaeed  ns. 

The  mean  distance  whieh  separates  us  from  the  Moon  is  but 
little  more  than  nine  titncH  the  cireumference  of  the  Karth  at  the 
Equator*  There  arc  many  sailors  who  have,  in  their  vf>yages,  tra- 
versed as  kng  a  distanee — ^one  that  an  express  train  would  easily 
aecomplisb  in  h*si3  than  -JOO  days. 

The  apparent  magnitude  of  the  luiuir  disk  varies,  us  we  have  seen, 
with  the  distance  of  the  Eartli  from  the  Moon  :  l>ut  even  on  the  surface 
of  our  globe,  and  at  tlie  same  instant,  the  diameter  of  the  disk  does 
not  appear  of  equal  magnitude  to  all  observers.  It  appears  smaller 
to  an  observer  who  see.s  the  Moon  rising  or  setting  at  the  horizon 
than  to  hbn  who  seea  it  at  the  zenith. 
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To  the  former,  the  digtance  A  L  of  the  Moon  is  nearly  equal 

to  the  actual  distance  of  the  centres  of  the  two  bodies*  To  the 
latter,  on  the  contrary,  tlie  distance,  A^'L,  h  equal  to  the  first 
diminished  by  the  terroBtrial  radius,  or  by  the  sixteenth  part  of  the 
total  distance. 

Hence  it  follows,  that  as  the  Moon  is  carried  by  the  Earth's 
rotation  from  the  horizon  of  an}'  pLice  to  iu  zenitb,  that  place  is 
actually  brought  nearer  to  it  some  4000  inilcs.  The  lunar  disk  should, 
therefore,  appear  to  us  larger  at  the  zenith  than  at  the  horizon  ; 
but,  singidarly  enough,  by  a  pure  illusion,  the  opposite  eifect  obtains ; 
at  the  rising  and  setting  of  the  Moon  its  disk  appears  to  ua  enor- 
mous ;  it  sGcnis,  on  the  contrary,  to  diminisli  insensibly  when  it  is 
removed  Irom  the  objects  situated  on  the  horizon  and  mounts  the 
starry  sky. 

We  have  remarked,  that  this  is  a  pure  illusion.  To  be  convinced 
of  it,  it  is  sufficient  to  take  exact  measures  when  the  Moon  is  in 
the  two  positions ;  if  this  he  done  with  rigorous  exactness  by  means 
of  an  instrument,  to  make  the  result  independent  of  our  ordinary 
way  of  judging,  it  is  entirely  opj>osite  to  the  appearance.  How 
is  this  singular  phenomenon  explained  ? 

By  an  error  of  our  judgment.  When  the  luminous  disk  of  the 
body  is  near  the  horizon,  it  seems  placed  beyond  all  the  objects  on 
the  surface  of  the  Earth  interpostxl  betwetMi  us  and  it,  and  therefore 
more  distant  than  at  the  zenith  where  nothing  separates  it  from  us, 
J^ow  an  object  which  keeps  the  same  apparent  dimensions  is  to  us, 
by  virtue  of  the  instinctive  habits  of  our  eye,  by  so  much  greater 
as  it  appears  to  be  more  distant,* 

We  next  come  to  the  real  dimensions  of  the  Moon,  These  are 
readily  detennintKl,  since  we  know,  with  the  most  wonderful  exactness, 
both  the  apparent  magnitude  of  the  Moon's  diameter  and  our  dis- 
tance from   it.f 

[A  recent  discovery  of  very  great  interest  shows  us  that  in  the 
case  of  the  Moon,  the  word  "  apparent"  means  much  more  then  it  does 
with  regard  to  other  celestial  bo<lics.  Indeed,  its  brightness  causes 
our  eyes  to  j)lay  us  false.  As  is  well  known,  the  crescent  of  the 
new  moon,  by  an  effect  of  irradiation,  seems  part  of  a  much  larger 
sphere   than   that  which   it   has   been  said,   time   out   of  mind,  to 


♦  If,  when  the  disk  of  the  Moon  appears  at  the  horisM>n  with  these  illusory 
dimeudons,  it  is  looked  at  with  the  naked  eye  through  a  tube,  or  the  hands 
plaeed  tuhewise,  the  illusion  disappears  j  it  does  not  seetn  then  to  exceed  in  size 
the  lunar  disk  seen  at  the  zenith, 

t  The  diameter  of  the  Earth  Iwiag  1,  that  of  the  Moon  is  0'272f>. 
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"hold  In  lU  arms/*  We  now  learn  that  the  bright  portion  of  the 
Moon,  as  seen  in  our  measuring  instruments  as  well  us  with  the  naked 
eye,  covers  a  larger  area  in  the  field  of  view  of  the  teleseope,  than  it 
would  do  if  it  were  not  bright.  This  has  recently  been  proved  by 
measuring  the  d^irk  Moon,  Our  readers  may  possibly  ask  how  this 
has  been  done  P  Well,  we  get  an  approach  to  a  dark  moon  when  we 
observe  the  occultation  of  a  star  at  the  dark  limb,  and  under  these 
circumstances,  it  has  been  recently  found  by  the  Astronomer  Royal, 
that  in  the  main,  all  such  occultations  go  to  show  that  the  limb  of 
the  Moon  is  not  so  far  away  from  its  centre,  in  other  words,  that  its 
radius  is  not  so  great  us  we  thought.  Again,  in  total  or  unnidar 
eclipses,  we  deal  entirely  with  the  dark  Moon,  and  Mr,  De  La  Rue's 
exquisite  photographs  of  the  total  eclipse  of  1860  entirely  endorse 
the  results  of  the  twenty-five  years'  labours  at  Greenwich. 


Ftf.  5Q.^Coai|MimitTo  dimensloiu  of  the  E*rfch  aiid  Moon. 

The  Astronomer  Royars  result  is,  that  the  Moon's  angular  dia- 
meter hitherto  received,  is  too  large  by  2",  Mr.  De  La  Rue's,  that 
it  is  two  large  by  2'''15.  And  this  quantity  must  be  looked  upon 
as  a  '*  telescope-fault." 

Hansen  gives  the  mean  angular  semi-diameter  of  the  Moon  as 
15'  33"'36.  We  must  now  call  it  15'  3r^'36 ;  and  iU  diameter,  which 
was  formerly  supposed  to  be  2160  miles,  or  a  little  more  than  a 
quarter  of  the  diameter  of  the  Earth,  must  l>e  reduced  by  something 
like  seven  miles.  We  shall  have  something  else  to  say  on  this  dis- 
covery when  we  refer  to  the  question  of  the  lunar  atmosphere.] 

Supposing  the  Moon  spherical,  the  total  surface  of  its  two  hemi- 
spheres, visible  and  invisible,  is  equal  to  a  little  less  than  the 
thirteenth  part  of  the  surface  of  the  terrestrial  globe;  that  is  to  say. 
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that  it  measures  14,5r)8,000  square  miles.  Lastly,  if  from  its  super- 
ficial extent  we  pass  to  its  volume,  we  find  that  the  Moon  is  scarcely 
more  than  the  forty-ninth  part  of  that  of  our  Earth,  or  5,200,000,000 
cubic  miles. 

The  Moon's  motion,  we  have  before  remarked,  is  effected  along 

an  elliptical  curve  or  oval,  at  one  of 

\^  the   foci    of  which    is    the    Earth. 

/  Such   would  be,  indeed,  the  lunar 

/'      ■  ~~"^^  orbit  if  the  Earth  remained  fixed  in 

\  .  space.     But  it  is  well  known,  that, 

\   ^       }         1  far  from  remaining  at  the  same  spot, 

\  /  ^^^   globe   itself  travels  round  the 

N  ^      ^  Sun  in  an  orbit  the  mean  radius  of 

\  r^-.(3  which  is  four  hundred  times  greater 

"^N  than    that    of  the  Moon.      As  the 

,L  \     \  Moon  accompanies  the  Earth  in  its 

\  t  /'  stupendous  journey,  keeping  the  re- 

I      /^  lative  positions  necessitated  by.^its 

y  circiun-terrestrial  movement,  it  fol- 

.-'--,  \         lows  that  the  form  of  its  real  orbit 

I  is   much  more  complicated  than  a 

1         '^  j|!»        i  o    simple  elliptic  one  would  be. 

;  I  [Its  real  path  consists  of  a  series 

- .  i ,  ^  -  of  curves,  or  rather  of  an  epicycloidal 

J  /  curve,    always   concave   to   the    Sun, 

/  "^  1       N  /  and  intersecting  the  orbit   of   the 

/  \  Earth  twice  during  a  lunar  month.] 

/    j  But  the  total  departure  of  the 

/  y  /  Moon  from  the  Earth's  orbit,  does 

/  >y-^i"  not  exceed  the-^^^th  part  of  the  ra- 

;  „/  dius ;  so  that,  if  drawn  to  scale  on 

\^  a  large  sheet  of  paper,  it  would  be 

//  'p  o    /^  >        \  almost  impossible  to  detect  the  de- 

/  J  parture  of  the   Moon's  orbit  from 

y\^  /       y  that  of  the  Earth. 

If  the  Earth  and  the  Moon,  in- 

/^  stead     of    moving     simultaneously 

along  their  orbits,   in  such  a   way 

1    .     ,/\^ ''"•r7*'°'*"T''''''l"  as  lo  occupy  the  five  positions  in- 

1.    .\inplin«Nl.       •_».  Ill  Its  rolativc  <liincniiinnn.  *■  *  ^ 

dicated  in  figure  57,  [which  will 
be  understood  to  be  grossly  exaggerated,  nor  is  the  real  orbit  pre- 
cisely represented],  were  simply,  the  first  to  remain  at  rest,  and  the 


THE  MOON. 


185 


second  to  circulate  in  its  orbit  round  our  globe ;  it  is  easily  seen 
that  the  appearances  presented  woidd  be  precisely  the  same,  at 
least,  if  we  compare  the  positions  of  the  two  bodies  with  regard 
to  the  Sun. 

It  is  in  this  manner  that  a  person,  on  the  deck  of  a  vessel  in  motion, 
believes  that  in  walking  round  the  mast,  he  is  moving  in  a  circle, 
whilst  the  curve  which  he  describes  on  the  surface  of  the  sea,  is  a 
sinuous  curve,  the  form  of  which  is  analogous  to  that  of  the  real  orbit 
of  the  Moon.     In  reality,  the  path  which  this  person  traverses  is  more 
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Pig.  58.— The  curve  described  in  a  year,  >iy  the  Moon  round  the  Birth. 

complicated  still ;  and  to  obtain  its  real  form,  we  must  take  into 
account  his  proper  movement,  the  movement  of  the  vessel  on  the  sea, 
the  double  movement  of  rotation  and  of  revolution  of  the  Earth  itself. 
It  will  be  seen  later  on,  that  the  Sun  moves  also  through  space, 
drawing  with  it  the  Earth,  the  other  planets,  and  their  satellites, 
whence  follow,  for  the  orbits  of  all  those  bodies,  sinuous  curves,  the 
degree  of  complexity  of  which  varies  with  the  nimiber  of  the  various 
motions  with  which  they  are  animated. 

We  must  recollect  that  it  is  the  phases  of  the  Moon  which  have 
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demonstrated  to  us  its  revolution  round  the  Earth.  This  movement^ 
added  to  the  fact,  tluit  the  jMooii  couHtuntly  presents  the  same  hemi- 
sphere to  the  Earth,  proves  that  it  turns  aim  on  itself,  in  a  period  of 
time  extictly  equal  to  the  length  of  its  sidereal  revolution,  that  is 
to  say,  in  abt^ut  twenty-seven  days  and  a  third. 

In  speaking  of  the  movement  of  rotution  of  the  Moon  on  its  axis, 
it  is  right  to  anticipate  an  objection  often  made,  procvet^ding  from  a 
false  idea  sometimes  eoneeive<l  ^of  the  rotator)^  movement  of  a  mov- 
able body.     "  Since  the  Moon;*'  it  is  siiid,  **  always  presentB  the  same 


Fig.  &)j,— Uotation  oi  a  ■phero,  BUpposed  to  be  at  reai. 

face  to  us,  it  cannot  turn  on  itself.  If  it  turned  on  an  axis  or  pivot^ 
it  ought  to  present  ua  all  its  sides  successively."  Such  is  the  objec- 
tion simply  put. 

To    solve  this  difficulty^    let    us  exaujine  into  the  phenomena. 
^\Tiat  is  a  moveinent  of  rotation  ?     How  is  it  known  that  a  body,  a 


T-    *^ 


Fi^r   iWi,— AvtuioJ  tiriuvcmeiit  of  rotHiloii  ol  tUe  Mmm  m  ihc  Lutenrol  aim  limotian. 

sphere  for  example,  does  rotate  ?  and  how  is  it  known  when  an  entire 

rotation  has  been  completed  ?  Evidently,  when  the  sphere  has  pre- 
sented successively  one  of  its  sides  towards  every  point  of  the  space 
which  surrounds  it.  If  we  di\4de  the  entire  rotation  into  four 
periods,  the  accompanying  diagram  will  show  how  the  sphere  would 
be  seen  at  the  commencement  of  euch  of  those  periods,  to  an  obser\^er 
at  rest. 

Now,  if  the  sphere,  during  the  exact  time  that  it  takes  to  eflFeet 
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this  rotation  roimd  its  axis,  executes  a  movement  of  revolution  round 
the  observer,  whether  the  observer  be  at  rest  or  not,  it  is  none  the 
less  evident,  that  the  entire  rotation  would  Ije  effected,  if  the  side, 
of  which  the  point  A  formn  the  api>arent  centre,  is  successively  pre- 
sented to  all  parts  of  space.  Now,  this  is  the  case  with  the  Moon, 
durinff  a  complete  revolution  in  its  orbit,  as  may  be  seen  from  the 
compiirison  of  ligures  59  and  60.* 

We  shall  see  further  on,  that  it  is  not  rigorously  true  to  affirm 
that  the  Moon  always  prt^sents  the  same  face  to  the  Earth ;  our 
m  tell  it  e,  in  fact,  undergoes  what  astronomers  call  a  iibrafiou,  or 
apparent  swinging  from  east  to  west,  and  another,  from  north  to  south. 

These  librations  result  from  causes  of  which  more  anon  ;  it  is 
sufficient  here  to  know  that  they  do  not  modify  the  fundamental  fact 
of  the  equal  duration  which  characterizes  the  two  siuuiltaneous 
movements  of  rotation  and  revolution  of  the  Moon.  More  than  this, 
the  ccntnd  ]>oint  of  the  disk  is  not  precisely  the  same  to  observers 
situated  in  different  parts  of  the  Earth. 

We  shall  now  proceed  to  describe  the  Moon  as  it  is  seen  in  the 
telescope,  and  to  inquire  into  what  is  known  of  its  physicol  constitu- 
tion, a  question  of  absorbing  interest  from  so  many  points  of  view. 


*  The  sphere  in  fig.  59  occupies  five  [wsitinns  ia  ii^vcrse  urder  to  those  of  th<) 
Mooa  io  fig.  60.    But  thin  docs  not  a^ect  the  demouutmtioa. 
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THE  MOON. 

PHYSICAL  CONSTITUTION. 

The  Aspect  of  the  Moon  to  the  naked  eye — The  Seas  or  Maria;  Mountains — 
Principal  Mountain  Chains— Volcanic  character  of  the  Lunar  Mountains — 
The  Craters  Tycho  and  Copernicus — Walled  Plains  —  Annular  Mountain- 
ramparts — Craters,  Peaks,  and  Cones — Terrestrial  Analogies — Heights  and 
Dimensions  of  the  Mountains — Bright  Rays  ;  Centres  from  which  they 
Emanate ;  Mr.  Nasmyth*s  Explanation  of  them — Rilles  or  Furrows— Sug- 
gested Explanations ;  Recent  Labours  of  Schmidt. 

The  world  which  we  are  about  to  explore, — somewhat  in  detail, 
thanks  to  its  small  distance  and  to  the  great  power  of  our  modem 
optical  instruments, — though  like  the  Earth  in  some  general  cha- 
racters, totally  differs  from  it  in  others.  If  an  inhabitant  of  the 
Earth  were  transported  to  the  surface  of  the  Moon,  he  would  be 
at  once  struck  with  the  strangeness  of  the  scene.  The  configuration 
of  the  surface,  every  comer  broken  up  and  rugged,  here  circular 
cavities,  there  elevated  peaks ;  the  aspect  of  the  heavens ;  the  bright 
stars  shining  in  the  broad  day ;  the  sharpness  of  the  lights  and 
shades ;  the  eternal  silence  which  reigns  in  these  desolate  regions ; 
the  extreme  temperatures,  now  glacial,  now  torrid;  the  singular 
life-conditions  of  organised  beings  —  if  it  be  that  life  is  possible 
there ;  all  would  unite  to  upset  the  most  familiar  notions. 

Nevertheless,  whatever  may  be  the  contrasts  between  the  lunar 
world  and  our  own  globe,  it  will  be  seen  that  the  variety  which  is 
manifested  with  a  marvellous  richness,  here,  as  in  all  the  works  of 
Nature,  is  the  effect  of  but  a  small  number  of  causes,  or  rather  the 
result  of  simple  modifications  of  elements  which  arc  really  the  same 
for  all  celestial  bodies.  The  simplicity  of  the  laws  which  govern 
astronomical  phenomena  causes  the  unity  of  plan  of  the  whole  solar 
system  to  shine  fortli  with  incomparable  clearness. 
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The  full  McMJii  111  a  very  pure  sky  ttllaws  the  naked  eye  to  dis- 
tinguish tho  principal  dark  and  bright  fimturos — features,  the  per- 
manence^ of  which,  as  we  have  before  rexiiorked,  shows  that  the  same 
face— the  same  hemisphere,  is  always  tunietl  towards  ub.  From  east 
to  west,  going  northward,  several  large  greyish  spaces  are  dis- 
tinguished, the  uniform  asj>eet  of  which  contrasts  with  the  southern 
half  of  the  disk,  which  is  almost  entirely  eo%Tred  with  a  multitude 
of  bright  points.  The  north-east  and  north-west  borders  of  the  disk 
are  terminated  by  whitish  and  bright  marks,  whilst  the  central 
regions  participate  in  the  general  tone  of  the  s<.nithem  part. 

Of  old  the  name  of  **  seas"  w^as  giveu  to  the  large  dark  spots 
which  mottle  the  Moon's  northern  hemisphere  and  part  of  the 
southern  one,  towards  the  we^t  and  east.  The  name  is  still  retained, 
although  its  liteml  meaning  must  not  be  attached  to  it.  The  lunar 
seas  are  now  regarded  as  plains,  w^hilst  the  most  brilliant  portions 
are  principally  mountainous^  regions.  We  will  now  briefly  descrilio 
both,  asking  the  reader  to  follow  the  description  on  Plate  YlII, 
w^hich  represents  the  full  Moon  as  seen  with  the  aid  of  a  telescope 
of  small  magnifying  power. 

[As  the  image  of  a  celestial  object  seen  in  a  telescope  is  inverted, 
the  top  of  the  plate  represents  the  South  Pole,  and  the  bottom  the 
North  Pole,  the  right  hand  is  east  and  the  left  hand  west,]* 

To  begin  with  the  Seas,  or  Maria, 

Close  to  the  western  border  or  limb,  is  seen  a  greyish  spot,  of  an 
oval  form,  plainly  visible  by  contnist  tuid  isolated  in  the  brighter 
portions  :  this  is  the  Mare  Vrimtim  — the  Sea  of  Crises.  Between  this 
spot  and  the  centre  of  the  dipk,  a  large  dark  space  divided  by  a 
kind  of  sbarj)  promontory  has  been  named  the  Sea  of  Tranquillity, 
—  Mare  TranqniUifatiH,  It  throws  out  towards  the  soutli  two  |x>rtions, 
the  largest  and  most  western  of  which  is  the  Sea  of  Fecundity — Mare 
FccnnditafiH,  whilst  the  other,  smaller  and  nearer  the  centre,  is  the 
Sea  of  Nec^tar — Mftrt'  Neetann, 

If  now,  leaving  the  Sea  of  Tranquillity  we  travel  northward,  we 
find  the  Sc*a  of  Serenity  —  Mare  HerenitattK,  which  is  traversed 
throughout  its  length  by  a  very  bright  and  nearly  rectilinear  ray, 
which    gives   to   the   whole   s|Mjt    the    f<inn    of    the    Greek    capital 


♦  [A  slight  cbunge  has  been  made  here  m  the  translation,  at  the  suggestion 
of  the  Rev.  T.  W.  Webb,  to  accommodate  the  expressions  "east"  a:id  "west"  to 
the  general  usage  of  selcno^a|}bers,  acconling  ta  which  the  teiins  empioycni  in 
tleaeribing  the  relative  position  of  objects  upon  the  di-lc,  imply  a  rever.sion  of  E. 
and  W.,  compared  with  their  situation  on  tcn^estrial  maps,  but  not  an  iuversion 
of  N.  and  S.j 


142 


THE  Sdt.AB  SYSTEM* 


phi  ^iK      Tile  Si'ii    of   Vujxmrs — Mair    Vaporum^    is    a    prulongiifioii 
tvnvarcLs  tho  fiviitro  of  tlif  disk  i*f  the  Soa  of  Serenity, 

Lastly,  tlie  Hm  of  lliiiii.s  — J/cfr^-  Inibrutm,  of  round  Jtinu,  the 
hirge8t  of  idl  those  which  have  been  niiuied,  forma  the  northern  ter- 
ininiition  of  the  sorie.s  of  j^reyiBh  spots  to  whieh  the  iiicoi*rect 
appeUul  ion  of  stuis  is  st ill  applic'fL 

Wo  must  now  re-descend  towards  the  east  to  find  the  t  >eean  «>f 
Tempests — Ocmnm  Pma^ikimm,  of  which  the  outlines,  not  very  well 
*lefined»  ai'e  lost  towanis  the  south  in  the  8eu  of  Moisture — Man 
Hnmontin,  and  Seii  of  CloudwS — Mare  NuhUim,  at  a  short  distiuiee 
from  a  luminous  point,  whence  diverge  in  all  directions  whitish 
niys  of  great  length. 

This  last  point,  which  may  Le  considered  as  the  centre  ol'  llie 
mount4iinous  regions  which  surround  the  fiouthem  pole,  is  no  other 
thuTj  Tyelio,  one  of  I  he  most  important  elevations  of  the  visible 
hemisphere  of  the  Moon. 

If  Ufiw,  in  order  to  observe  the  detuils  oi"  the  lunar  disk,  we 
employ  a  teleseoiie  of  consideiiiblo  magnifying  power,  we  sluill  \\v 
astonished  at  the  prodigious  multitude  of  small  spots  of  annular  foruu 
round  or  oval,  which  cover  the  entire  suri'ace.  At  the  tiioe  of  full 
Moon,  these  features  are  not  well  defined,  whieh  arises  from  the 
position  of  the  visible  hemisphere  with  regard  to  the  8im. 

If,  on  the  contrary,  we  choose  for  the  time  of  observation 
the  ej>och  of  the  first  or  last  quarter,  tlu^  portions  near  the  edge  of 
the  illuminated  portion  of  the  Moon  will  appear  eaten,  into  euvities, 
surrounded  by  eircular  ramparts,  throwing  their  shadows  away  from 
the  Sun,  here  towards  the  interior,  there  towards  the  exterior  of 
the  cavity,  ilore  than  this,  along  the  whole  line  of  separation  of 
the  light  and  shadow  called  the  Terminuior  the  interior  of  the 
aunidar  cavities  seems  quite  bhick,  whilst  here  and  there  Imnimms 
piiu(s  sliow  themselves  detached  from  the  illuminated  p(>ilion8  of  the 
Motm.  These  spots  indicate  mountain-tops  or  ranges,  which,  accord- 
ingly as  we  observe  at  the  first  or  last  quarter,  receive  the  rays  of  the 
Mcion's  morning  sun,  or  the  sunset  rays  which  linger  after  the  low- 
hinds  are  in  shade. 

Such  are  the  mt»untains  of  the  Moon.  Figs,  61  and  ^2  give  an 
idea  of  the  aiipea ranee  of  the  motmtainous  regions  with  which  our 
satellite  is  overspread. 

The  chains  of  mountains,  as  distinguished  from  the  annular  moun- 
tain-ramparts are  not  relatively  numerous  in  the  visible  hemisphere 
nf  tlie  51oun.  The  greatest  nimiber  is  found  in  the  northern  part 
nf  the  disk.     The  Alps,  the  Caucasian  rang^,  and  the  Apennines,  are 
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tin*  mi)Ht  remarkable.  This  last  chain  sepimtCH  tlie  S<ais  of  Seronity 
and  of  Vapours  from  the  Sen  of  Ruiiifl,  which  is  siirroiiiuhxl  as  with 
u  belt  of  semicircular  fonu  by  the  throe  raiigi^s  we  have  naiiieti 
It  is  well  fteen  in  the  drai\T[ig  of  the  full  Moon  which  we  have 
before  given.  We  may  also  notice  the  Carpathian  and  the  Oural 
inountaiiit*,  which  Heparate  the  Ocean  of  Tempests  from  the  8eu  of 
Rains,  and  tlie  Sea  of  (Clouds;  the  Tauni8  mountains,  west  of  the  Seu 
of  Serenity  ;  the  mountains  Dorfel  and  Leibnitz,  at  the  aoutheni  pole  ; 
the  Pyrenees,  which  .separate  the  Seas  of  Fecvmdity  and  of  Nectar ; 
towanls  the  west,  the  Altai  mountaiiiH,  near  this  hist  sea»  which  ex- 
tends 27k}  inile8  from  north  to  south.  [The  Altai  mountains  approach 
closely  to  the  arc  of  an  ellipse,  the  major  axis  of  which  is  tenninated 
on  the  south  by  the  crater  Ficetdomiiii,  and  on  the  north  by  the  twin 
cmters     Isidorus     and     Capella,  -        *oirm. 

which  are  in  a  very  disturbed 
rej^ion.  The  monster  craters, 
Catherina,  Cy  rill  us,  and  Theo- 
philus,  are  junt  within  the  north- 
cast  portion.  There  are  two  con- 
centric crater  niiiges  separated  by 
jdains  between  the  Altai  moun- 
tains and  the  Mare  Nectaris.] 
J.astly,  we  have  the  Cordilleras 
and  the  mountains  D^Ucmbert, 
near  the  western  limb.  The  range 
of  the  Apemiines,  the  most  con- 
yideruble*  of  these  mount  ain- 
cluiins,  is,  however,  but  87*3  miles 
in  length. 

It  is  impossible  not  to  recog- 
nise the  eminently  volcanic  cha- 
racter of  the  lunar  mountains. 
All  the  crust  of  our  satellite  is 
pierced  by  craters  which  indicate 
an  innumerable  series  of  volcanic 
eruptions,  some  limited  to  a  small 
space,  others  embracing  an  im- 
mense area  on  the  surface.  We  are  enabled  by  the  kindness  of  Mr, 
Warren  l>e  La  Rue  to  lay  betbro  our  readers  in  the  Front i^pieite,  copied 

*  ( Or  ratljei'  •*  the  mo&t  familiarly  kanwn.''  It  is  sur|)as»ed  ia  height,  and  i^s- 
sibiv  ill  fxtcjut,  In  the  mnj^es  (if  they  aixr  nut  auaalur  raiiiparta  m  (rotile)  of  the 
a  aud  E.  limbs. -^T.  W.  U .] 
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Koy-N Op  to  tbo  PromUsplocc. 
Pig,  1 — CltiviiiK 

}t.  LoutEOinoiitAiiiui. 

4.  Pictet. 

5.  SivtiBKure. 


<S,  Tycho. 

7,  Kasirvddin. 


S,  OrontVu*. 

10.  Ux«JI 
It.  Gaiirict^i. 
12.  Wnnet'lbrtuor. 


la.  HtH. 


FVit-  01.— Mountaiiia  of  tliti  Moou,     Mav,  of  the  rvgiou  to  lIib  aoutL-ca&t  ut  Tycko.    (NoAiu^ttiJ 

south-east  of  the  same  orator,  as  observed  and  drawn  by  Mr,  Nasmyth, 
who  is  second  to  none  m  his  hand-drawings  of  the  lunar  surfnce.  The 
cireuhir  niinpurt  of  Copernicus,  one  of  the  largei^t  iinnukr  mountains 
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of  the  Moon,  near  the  Carpathians,  is  represented  in  detail,  in  fig.  62, 
as  observed  by  Mr.  Niismjih.  We  are  indebted  to  the  kindness  of 
the  hit^  Adininil  Smyth  for  permission  to  present  it  to  our  readers,  it 
forms  one  of  the  illustrations  of  his  mugnitieent  work,  the  **  Speculum 
Ilartwellianiun/' 

The  regions  near  Tyeho  are  formed*  as  may  be  seen,  of  a  number 
t^f  eratei's  of  various  dimensions,  some  of  whieh  arehollowe<l  out  in  the 
form  of  cups  or  funnels,  whilst  the  largest  present  the  appearance 
of  circles  with  flat  l>ottom8,  at  the  centre  of  which  rise  peaks  of  pym- 
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Fig.  ii"2- — ^The  MiniiiUiiiift  ol  lUu  Moon.     View  oi  C^iHsniicua.    (Kaamytb.) 

midal  form.  One  crater  is  situated  at  the  centre  of  a  circle  which  it 
surjiasses  in  altitude;  whilst  at  the  iMJltoni  4tf  a  cmtcr  with  very  ele- 
vated ramparts,  and  here  and  there  in  the  winding  valleys  which  the 
circular  walls  leave  between  them,  other  small  volcanic  vent«  seareely 
rise  alxne  the  neighbouring  surface.  The  irregidar  tnlges^  of  all  thea*? 
openings  bear  testimony  to  the  con\Til8ions,  rents,  and  dislocations, 
which  the  surface  of  our  satellite  underwent  at  the  period  wh*'n  these 
eruptions  took  place, 
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The  cnitrr-witU  of  Copernicus  sIiowh  numerous  truces  of  dehrin 
ojet^ted  from  the  cniter,  3Iany  othiT  lunar  mountuJnH  present,  like 
Copernicus,  evident  traces  of  Htrutitieatio^  [or  terniees,  if  thr  eoni- 
iiiou  p^e<jl<jgi(al  meaning  of  '*  ,stratiticution'*  should  Ix*  thuu»>lit  ti» 
imply  aqueous  action],  doubtless  owing  to  the  dejxtsitH  of  wiK'eessive 
t-niptiouf^. 

If  the  v(deanic  ninimtains  of  the  iloon  present  great  analogies 
to.iht*  volcanoes  of  our  Earth,  they  are  also  distinguished  by  very 
marked  churaeterK.  If  the  preceding  dm  wings  be  compare<l  uitb  the 
topogrupbie   view  (fig.  (vi)  of  the  Peak  of  Tenerittb  and  its  environs, 
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Fig,  <S.1,— Tbc  Tiiitk  nf  TenLrilTe  ai.d  itjs  Eliiirirons.    flMnuu  Smyili  j 

llie  ditierences,  as  well  as  the  uiialogies,  will  be  seen.  ^\Tiilst  the 
<'niteis  on  the  M(Mm  have  enonnous  dimensions,  —  tlie  diameter  of 
Ptolemy  beiiig^  114^  mik\s,  of  Copernicus  ^iG,  and  of  Tycbo  04, 
^tlie  dimensions  of  the  terrestrial  volcanoes  are  relatively  ex- 
(remely  small.  The  relief  of  the  Isle  of  Bourbon  (ti^.  G4),  whit  h 
we  repnxluee  an  cfmHtmcted  by  a  French  engineer,  >I.  L.  Miiillard, 
shows  large  depressions  of  nearly  circular  form,  at  (he  points  where 
cones  of  eruption  originally  existed.  It  is,  perhaps,  to  sinkings  of 
this  nature  that  tbo  t-irc'los  of  tlie  Mcmju  are  due,*     But  it  must  lie 

*  [Tlie  elevation,  however,  of  the  surrournliDg  niniparts  B^eiiis  to  reinlcr  this 
improbable,  as  tliey  would  on  sucli  a  suiipositioii  indicate  the  former  existence 
*^f  ctincs  of  nKist  cHsproiiortionatc  dimeoj*ions.  The  exterior  of  the  lunar  craters 
^cldA»ni  rxfiihits  any  approach  to  a  vortical  position, — T,  W»  W.] 
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remarked  that  the  exterior  profile  of  these  volmnic  cavities  has  not 
that  shai*p  vertieul  direction  which  on  our  satellite  diatinipiishes  the 
walled  emterH,  the  elevu^'on  of  the  sides  of  which  m  lens  on  the 
exterior  than  in  the  interior,  us  demoiistrnted  l>y  the  difftTenees  in  the* 
h^ngths  of  the  shadows  cast.  The  bottom  of  a  limuj  cniter  is  generully 
of  lower  level  tliun  thai  of  the  pluin  which  wurruyiids  it ;  the  contrary 
always  holds  in  terrestrial  volcanoes.  It  is  true  that  this  observation 
applies  to  the  walled  craters  of  great  extent,  rather  than  to  the  craters 
properly  so  called. 

If,  as  is  believed,  the  generally  rounded  fonn  of  the  lunar  fea- 
tures, including  even  the  chainB  of  mountains,  pi-oceeds  iVom   the 


VIg.  dl»TopQ!gniplLfcal  roU«f  of  ihc  Isle  of  BourbuiL    Cli&Uliml. ) 


action  of  the  interior  strata  against  the  solidified  crust  of  the  spheroid, 
— if  the  walled  craters  are  but  craters  of  upheaval,  would  it  not  be 
allowable  to  attribute  the  interior  depression  of  the  bottom  of  the 
circular  cavities  to  a  kind  of  sinking  of  the  half  liquid  matter  ?* 

*  [Mr.  Mallet,  in  his  fourth  report  on  Earthquake  Phenomena  {Reports  of 
the  British  Association  for  the  Ad iKincent4^nt  of  tScience,  18r)8,  p,  61),  ahows  tliiit 
the  Earth's  surfiace  is  to  a  great  extent  tlivided  into  saacernabaped  shallow 
deprcssioas,  boiuidcd  by  flowing  coast  lines,  generally  imiting  in  closed  curves  : 
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ihw  word  now  on  tin:  lnHj^litn  of  tlit^  luiisir  nioimtains, 

Tlio  hi;4flK'st  iit'itll  uri'  in  the  vicinity  of  llio  koiiUktti  jmiIo  :  there 
Dorfel  m  i'ound,  the  summit  of  which  attiiina  8897  yarda  in  altitude ; 
the  mountains  Casatus  and  Curtius  are  7078  and  7409  yards  higU^ 
nnd  tlie  annular  t-rater  Newton  in  7951  yards  deep,  *'  The  exeavrititai 
of  thiti  last  is  such,"  say  Beer  and  Miidler,  **  that  neither  Pjarth 
nor  Sun  ia  ever  visible  fn»m  a  great  part  of  its  bfjttom." 

In  the  northern  refi:ion8.  considerahle  heights  are  also  found  : 
( 'ulii>pus  in  the  CaueoNUs,  liay^ens  in  the  Apennines*  rej^peetively 
attain  619*1  and  tJO'^O  yards  in  height.  The  central  peaks  and  cones 
are  nearly  always  much  surpassed  in  heif^'ht  by  the  annular  niountains. 
The  central  eone  of  Tycbo  measures  5000  feet,  and  that  of  Eratosthenes, 
at  tire  extremity  of  the  clntin  of  the  Apennines,  rises  to  a  height  of 
*j2'>0  yards  above  the  floor  of  the  crater. 

To  smn  up ;  oft  la*  1095  bei^^hts  measured  by  Beer  and.Madler, 
'J9  are  higlier  than  the  summit  of  Mont  l>ltnic,  iuid  G  are  more  than 
H500  yards  hij^h. 

Thus  the  vertical  heights  of  the  lunar  mountains  are  not  less 
rt^tonisliing  thun  their  lateral  dimensions.  We  have  ab^ady  men- 
tioned the  immense  waUecl  pUins  of  Ptolemy,  Copernicus,  and  Tyeho, 
hilt  among  the  craters,  pntperly  so  t^MUed,  it  is  nol  rare  to  find  some 
which  have  diameters  of  100  to  129  niik^s.  The  crater  of  Selneknrd 
IS  one  of  the  most  considerable  on  the  visible  hemis|>here  of  the  Moon  : 
Its  diumeter  is  not  les.s  than  133  miles  ;  and  the  licight  of  one  of  the 
rnciiintanis  which  lies  near  it  is  3500  yards.  It  is  a  noteworthy 
rircuiustance  that  an  observer  placed  at  the  centre  of  the  immense 
wnlled  plain  Schiekanh  would  not  be  able  to  sih}  the  summit  even  of 
tlie  lofty  irregular  wall  which  8urn>unds  it  on  every  side.  The  dis- 
tance would  he  so  -reat,  that  the  borders  of  the  crater  would  lie  helow 
the  visible  horizoiu     How  diiferent  to  tlie  craters  of  our   owii   vol- 


aad  on  p,  04  lie  says ;  "  Enough,  however,  hv^  probahly  been  statedj  to  iathcatc 
thatt  viewed  on  tlic  broadest  scnle,  ttio  stirfuce  of  our  globe  ponaiats,  aa  respects 
Its  solid  aiirfjice,  ufa  auiulx^r  of  HaacL-r-like  depreHsions,  when  large  having  also 
*v/iitpfjr  centi-al  arefts,  (dl  having  plain  cmtlinca  approxiuKiting  to  extremelj  irre- 
1^ u I»vr  tivals,  ur  ntbrr  eloseil  curves,  ni\d  fiuHnJfd  by  moffti^ftift  cftfttftJt^  or  more 
rt«(onlc<l  or  liii'liippcd  ridges,  or  elevations  of  the  sohd  spliere,  gruuttT  or  leas  ;" 
(Mill  also  on  p.  HI  he  sayn,  "  Each  groat  oceanic  saucer,  hounded  by  the  existing 
continents  and  their  fragmentfiry  out  hers,  pre-nenbi  an  ahnost  contiuuoua  fringe 
around,  of  mfmntain  rhaifi^  and  polcajtic  foci.**  /^It  is  not  a  little  remarkable, 
that  the  huiai'  voJe^niu  vunta  ;tre  arranged  similarly  t*i  those  of  the  terrestrial, 
cither  breaking  uut  on,  or  even  piercing  tiirough,  the  walls  of  the  smaller  cmter*i, 
or  arranged  in  lines  aerctss  the  L*ri;er  liiBar  deiiresaioiiK,  not  unlike  the  sub-oceanic 
bnom*  v*>kHnic  ranges  of  which  Mr.  Mallet  spt'ak.s.^W.  K>  U.j 
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oes,  which,  as  roinarkixl  by  limiiljf4dl,  wtmltl  at  thv  dhinnvv 
uf  the  Mooii»  l>e  sciii'cely  visible  with  the  teJosrojK*. 

To  camijlete  thi8  duBiTiption  of  the  ilmni»  whieh  '\t>  id  tnu\' 
geological,  geo^ruphieal,  and  toiwigriiphical,  we  rnvLst  iiu'iHioii  twu 
einguhir  phenomena  whiih  have  mueh  piuezled  lustronoiiiers.  Wf 
refer  to  the  luminous  bauds  aud  rilles. 

In  Plate  YIII  there  are  seen  tu  start  from  two  prineiprd  j^oints, 
Tycho  and  Copemicus,  two  series  of  luminous  rays,  which,  trnvei-Miug 
the  niountams  and  the  neighbouring  features,  extend  to  a  great  dih- 
tanee  from  those  brilliant  centres.  More  than  a  hundred  luniiuouH 
bunds  thus  diverge  from  Tycho.  Aristarehus,  Kepler,  and  thei-ariia- 
thiaiis,  [and  miiny  other  eeutrea]  present  analogous  systems,  whit  li 
appear  to  converge,  intermingle,  and  eonnwt  themselves  togethei\ 
These  singular  appearances,  of  whieh  no  entirely  satisfaeifiry  explana- 
tion ha»  yet  been  given,  are  only  visible  about  the  time  of  the  full 
nuMin.  They  disappear  at  the  other  pha^ses  ;  and  this  swms  to  show  that 
tliey  are  not  dae  to  elevations,  as  then  they  would  cast  shadows,  and 
wouhl  he,  on  that  account,  clearly  \nsible.  Do  they  owe  their  origin 
to  the  eruptions  of  the  volcanoes  which  occupy  tlu'ir  centre  "f  If  this 
be  so,  wouhl  they  not  seem  to  \h*  crevices  tilhnl  subsetpiently  witii 
reflecting  and  crj'stalline  suhstanees,  thus  forming  on  the  sorlaee  ot 
the  Jloon  so  majiy  slightly  hnninous  threads  ? 

[Mr.  Birt  hajis  intbnned  us,  that  some  of  these  rays  are  visible 
under  all  illuminutions ;  one,  which  emanating  from  Tyeho^  erossi's 
a  crater  on  the  north-east  of  Fraeastorius,  is  not  only  distinctly 
visible  when  the  terminat4jr  grazes  the  west  t^lge  of  Fractisto- 
rius,  but'  is  even  brighter  as  the  terminator  approaches  it.  Those 
emanating  from  Tyclu>  are  evidently  ditferent  in  their  eharacti^T* 
from  those  emanating  from  Cc»pernicii>»  while  those  from  rrtNdu.s 
form  a  third  class.  The  rays  from  Copernicus  and  Ke[}ler  appear 
to  be  very  similar.  One  very  bright  ra}^  in  the  neighbourhood  of 
(reminus,  we  have  found  to  coincide  in  direction  with  a  ridge  (*f 
liigh  land. 

Mr.  Nasmyth  has  been  able  to  produce  somewhat  similar  appear- 
ances on  a  glass  globe  by  filling  .it  with  eohl  water,  closing  it  up 
and  plmiging  it  into  warm  water.  This  causes  the  enelosiHl  cold  water 
to  expand  very  slowly,  and  the  globe  eventually  bursts,  its  weakest 
point  giving  way  and  forming  a  centre  of  radiating  cracks  similar 
to  the  tissurcs^ — if  tht*y  be  fissures — ^in  the  Mr»on,] 

According  to  the  views  of  an  eminent  observer,  JL  Chacornac, 
the  ring-fornuxl  nicnintains,  or  craters,  which  form  jMiints  of  diver- 
gence for  these  radiations,  are  of  u  relatively  recent    tuigiji.     Al   the 
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time  of  the  eruption  which  produced  these  cniters,  the  gaseous  masses 
escapiug  by  the  new  voleanic  vents,  or  becoming  precipitated,  swept 
be!i>re  them  the  pulverulent  and  whitish  Hub.stauees  which  covered  the 
Hummits  of  tlic  ueighbouriug  craters  of  anterior  origin,  or  in  euse 
of  concentric  divergence,  the  summit  of  the  craters  existing  an  the 
same  spot;  hence  the  long  white  banda  which  radiate  frani  Tycho  in 
(he  direction  of  nu'ridians  having  this  volcano  for  a  caramon  pole. 
This  explanation  of  the  singuhir  luminous  bands  which  radiate  IVom 
Tycho,  PrcH'hts,  Arlstarchuw,  Copernicus,  and  Euler,  nmy,  perhaps, 
throw  Humo  light  on  tlie  physical  constitution  of  our  satellite.* 

The  Rilles  differ  from  the  luminous  bands  in  that  they  are  evidently 
foiTue*!  of  two  parallel  slopes,  more  or  less  steep,  leaving  a  sort  of 
sunken  way  between  them,  Tliey  appear  bright  in  the  full  moon,  and 
in  the  other  phases  as  dark  lilies,  one  of  the  two  ridgca  projecting 
its  shadow  on  the  bottom  of  the  trench. 

It  was  at  first  believed  that  these  %vere  ancient  river-beds ; 
but  their  form,  often  wider  at  the  centre  than  at  the  extremities, 
their  immense  breadth,  which  sometimes  reaches  1|:  miles,  and  still 
more  their  depth,  which  varies  between  450  and  700  yards,  render 
this  hypothesis  untemtble*  Besides  which,  their  length  is  relatively 
slight,  being  usually  compristxl  between  10  and  125  miles.  Lastly, 
one  circurastance  which  is  freqncnlly  observed,  and  which  will  show 
that  it  is  not  possible  to  consider  them  ancient  river-beds,  is,  that 
nuiny  of  them  traverse  mountains,  and  cut  through  the  sides  of 
liigli  craters  in  such  a  way  as  1o  present  the  greatest  diversity  of 
level.  Some  <jf  them  are  widened  in  parts,  and  form  oval  valleys ; 
otliera  again  jjresent  a  scries  of  small  craters,  joined  together.f  We 
here  re]irmluce  (Plate  IX)  from  the  beautiful  map  of  Beer  and  Mildlcr 
two  regions  of  the  central  mount ainons  parts  uf  the  Moon,  which 
contain  some  of  the  most  curious  of  these  appearances* 

Beer  and  ifiidler,  in  tlieir  remarkable  work  '*  Der  Mond,"  have 
uihh*d  70  to  the  list,  and  point  out,  as  an  impoilant  fact,  the  con- 
stancy of  direction  of  the  majority  of  them,  J     All  these  facts  tend  to 


*  [The  enoruious  length  and  «raoothness  of  these  rays,  together  with  their 
jjerfec't  uniformity  of  level,  seem,  however^  tu  militate  against  any  explanation 
which  has  as  yet  been  attempted.^T.  W.  W,] 

t  [They  ar^  not  uufrequently  met  with  in  the  interior  uf  groat  walled  pkins, 
a  faet,  i*erhapHt  of  some  selenological  ian)ort. — T,  W.  W.j 

X  Schrtfter,  Paatorff,  Gruithuiaen,  and  Lohrmarm  preceded  the  two  German 
aatronomers  m  these  interesting  discoveries, 

[D\\  Sclmiidt  of  Athens  ha:*  been  must  indefatigable  in  this  department  of 
lunar  astronomj  ;  he  has  discovered  no  less  than  ttlS  of  these  carious  format iouB 
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show  that  these  singular  markings  date  from  the  last  period  of 
geologic  change  on  the  lunar  surface,  and  are,  therefore,  posterior 
to  the  craters  and  ring-formations,  as  is  proved  by  the  rainure  of 
Hyginus,  which  penetrates  to  the  interior  of  this  crater,  breaking 
through  its  boundary  wall. 

making  with  previous  discoveries  425,  which  he  has  arranged  in  classes ;  tho 
order  of  discovery  is  as  follows  : — 


From  1787  to  1801  Schr5ter  discovered 

11 

„     1823  „  1827  Lohrmann    . 

76 

„     1823  „  1841  Madler  . 

65 

„     1847  „  1848  Kenan  . 

6 

„     1842  „  1865  Schmidt 

278 

425 

Mr.  Birt  has  recorded  an  observation  in  which  a  rille  appears  to  have  been 
diverted  from  its  course  by  two  craters,  and  the  same  rille,  in  a  further  part  of  its 
course,  is  completely  interrupted  by  another  crater,  as  if  the  craters  were  of  more 
recent  origin.] 

[In  connexion  with  Rilles,  Mr.  Mallet  has  in  his  report  on  Earthquake 
Phenomena,  p.  62,  this  remarkable  passage :  ^  A  vast  fissure  (noticed  by  Hum- 
boldt), and  marked  by  an  almost  continuous  line  of  volcanic  rents,  extends  in  a 
direction  nearly  east  and  west,  right  across  Mexico,  between  18°  and  19°  lat.  It 
is  nearly  600  miles  in  length.  Its  main  direction  if  produced,  bears  upon  the 
volcanic  island  of  Kevill^gedo,  and,  as  Humboldt  abo  thinks,  probably  extends 
to  Monna  Boa  in  the  Sandwich  Islands.  The  Mexican  extremity  of  this  enormous 
crevasse,  probably  marks  the  continental  end  of  one  of  the  great  dividing  ridges 
of  the  sub-basins  of  the  Piicific."  It  would  be  desirable  to  know  the  breadth  of 
this  crevasse. — W.  R  B.] 


154  THE  SOLAR  SYSTEM. 


IX. 


THE  MOON. 

PHYSICAL  CONSTITUTION  (continued). 

Absence  of  Air  and  Water  on  the  Moon's  Surface — Has  the  Moon  an  Atmo- 
sphere ? — Aspect  of  a  Lunar  Landscape — The  Moon's  Past  History ;  Professor 
Frankland's  Hypothesis  based  on  Traces  of  Glacier-action — The  Moon's  Cli- 
mate— Days,  Nights,  and  Seasons — Extent  of  the  Visible  and  Invisible 
Portions  of  the  Lunar  Globe — Astronomy  from  a  Lunarian's  point  of  view — 
Lunar  Photography  ;  the  British  Association  "  Moon  Committee." 

We  have  already  supposed  an  inhabitant  of  the  Earth  landing  on  the 
desolate  lunar  world  bristling  with,  mountains  and  covered  with 
thousands  of  volcanic  vents.  We  have  described  him  contemplating 
with  wonder  this  strange  globe.  But  we  ought  to  mention  one  fact, 
which  would  render  his  sojourn  much  more  than  painful — impossible ; 
namely,  that  he  would  not  find,  on  the  surface  of  the  Moon,  the  most 
indispensable  elements  to  his  existence, — air  and  water. 

The  Moon,  indeed,  it  would  appear,  is  entirely  devoid  of  atmo- 
sphere. 

This  fact  seems  demonstrated  by  the  occultations  of  stars.  When, 
by  reason  of  the  Moon's  movement  across  the  constellations,  one  of  the 
luminous  points  of  the  starry  vault  is  covered  by  the  dark  part  of 
the  lunar  disk,  it  is  extinguished  suddenly,  without  any  gradual 
diminution  of  its  light  indicating  the  presence  of  a  gaseous  envelope. 
This  fact  holds  good  with  the  smallest  as  with  the  largest  stars,  even 
during  the  eclipses  of  the  Moon,  when  the  terrestrial  atmosphere  is 
no  longer,  illuminated  by  our  satellite. 

If,  moreover,  an  atmosphere,  however  slight  its  density,  envel- 
oped the  lunar  spheroid,  such  atmosphere  would  refract,  that  is  to 
say,  a  star,  after  its  real  immersion  behind  the  disk,  would  still  remain 
visible  for  an  instant.  In  the  same  way,  it  would  again  become 
visible   on    its  emersion   a  little   before    its   actual    occultation  had 
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terminated,  so  that  the  duration  of  the  occultation  would  l>e,  for 
two  reasons,  h%si  than  the  time  assigned  by  calculation,  and  de- 
duced from  prec'ise  ond  mathematit'td  knowledge  of  the  movement 
of  the  Moon,  Now  nothing  like  tlii.s  has  been  observed.  Ilonoe,  it 
rusidte  that  if  the  atmosphere  of  the  Moon  really  exists,  its  density 
18  les8  than  the  2000th  part  of  the  density  of  the  Earth'^  atmosphere. 
8ucli  an  utniosphere  would  be  more  rare  than  the  vacuum  which  is 
obtained,  under  the  best  conditions,  in  the  most  perfect  air-pumps. 

The  only  ubjections  that  can  be  made  to  the  consequences  drawn 
from  the  preceding  tact,  are,  na  iWago  remarked,  that  the  apparent 
diameter  of  the  Moon  is  not  perhaps  known  with  sufficient  prei;ision ; 
and  again,  the  singular  phenomenon  observed  in  the  total  eclipwe 
of  the  Hun  in  ISGO,  and  pointini  out  by  M,  Laussedat,  that  the  horns  i>f 
the  solar  crescent  were  truncated  and  rounde<l,  near  the  Moon's  Ibnb* 

There  is  ako  another  point.  It  is  knoi\ii  that  the  exterior  edge 
of  the  lunar  disk  forms  a  line  unbroken  in  appearance,  whilst 
near  the  centre,  the  terminal  ellipse,  or  terminator,  marking  the 
separation  of  the  light  and  shade,  is  deeply  indented  and  irregular. 
Tlie  cause  of  this  difference  is  etisily  lujilerstcjod ;  the  summits  of  the 
craters  and  peats,  situateil  at  the  etlge  ot"  the  disk,  foi-ni  a  seric^s  of 
imdulations  which  are  averaged  and  levelled  by  the  eifect  of  per- 
spective, and  prevent  therefore  a  regidar  and  unifomi  outline ;  at 
tlic  centre  of  the  disk,  on  the  contrary,  the  irregularities  ure  presented 
to  us  in  face,  as  in  a  bird*s-eye  view,  so  to  speak,  so  that  the  summits 
illuminated  by  the  light  of  the  Sun  stand  rmt  from  the  dark  lower 
levels  of  the  plains.  But  after  all  the  uniformity  of  the  limb  is  not 
so  decided  that  it  can  be  argiUHl  that  iu  an  occidtation  of  a  star  tli*' 
rlitfcn^iice  between  the  observed  and  the  calcidated  times  is,  or  is  not 
due  to  the  existence  of  an  atmosphere. 

[Now,  with  regard  to  the  recent  discovery  to  which  we  have  before 
referred  ;  of  the  2"*0,  by  which  we  now  know  that  the  Moon's  apparent 
diimieter  must  be  reduced,  certainly  a  part,  piolxibly  the  whole,  is 
due  to  the  irmdiation  of  the  telescopic  semidiameter.  But  the  reader 
may  perhaps  attribute  a  part  to  refmction  by  the  Moon's  atmosphere. 
If  the  whole  were  attrilaitablc  to  that  cause,  it  would  imply,  ac- 
cording to  the  Astronomer  Royal,  a  horizontal  refraction  of  l'*t>, 
which  is  only  about  the  ^^^^  part  of  the  Earth's  horizontal  refraction  ; 
probably  implying  a  tenuity  of  lunar  atmosphere  which  would 
make  the  atmosphere  undiscoverable  in  any  other  way.] 

Is  it  possible  that  there  may  be  an  atmosphere  confined  to  the 
bottom  of  the  lowest  plains  and  the  deepest  craters  ?  Nothing  renders 
probable  or  contradicts  this  hypothesis.     But  at  all  events  no  cloud 
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ever  disturbs  the  ijurity  of  its  wky ;  for  clouds,  even  ofmlif^lit  diiiien- 
810118,  woidd  bc'  oa.slly  [UTi-eivcHl  fruiii  tho  Earth,  und  iiu  t;uii\  iitfLog 
observations  of  nny  are  record t*(L* 

In  consequence  of  this  want  of  atmosphere,  the  liiiiur  hixid- 
8capeK  have  a  very  pec^uliar  aspect— the  hhaduwa  have  everj'where 
the  Hanie  blackness.  At  the  most,  the  crudity  of  the  bright  and 
luminous  tints»  which  stand  out  on  a  nearly  bhick  sky,  and  of  the 
nearly  black  shadows,  is  tempered  by  reflexions,  which  are,  however, 
very  nunieroua  as  the  levels  are  so  broken.  Then*  agEiin,  there  is  no 
aerial  perspective — none  of  those  etiwts  of  light,  of  tho.se  ch>nd-tint^, 
which  give  our  terrestrial  landscapes  so  much  charm  and  softness. 
There  refraction  does  not  decairn>ose  sunshine  into  glorious  colouring, 
und  a  thousand  varied  tints;  the  rainbow  and  other  pbeimuiena  of  the 
same  kind  are  unknown  on  the  sui'fuce  of  the  MfM)n,  1  hit  then  the 
stars  and  the  other  celestial  bodies  shine  in  full  day  in  the  staiTV 
vault. 

Plate  X  may  give  an  idea  of  the  iispect  of  the  hindscape  in  the 
mountainous  parts  of  the  southern  heinisjihei  c. 

The  absence  of  air  on  the  surface  of  the  iloon  implies  absence  of 
water.  If  there  existed  hikes,  seas,  or  even  rivers,  the  liquitls  forming 
these  reservoirs  or  enrrt^nts,  would  be  reduced  to  vap^mr  by  the  fact 
that  they  woidd  not  be  maintained  as  such  by  atiuf^spherie  pressure* 
But  the  solar  heat,  acting  still  more  energetically,  woidd  develope  a 
g-tiscous  envctoiK% — thick  clouds  of  vaix)ur,  A  cloud  of  200  yanls  in 
diameter  would  be  easily  visible.  Kow,  as  we  have  before  Siiid,  n<» 
nu^ving  object  has  ever  been  8een  on  the  disk  of  the  MnoiK 

No  air  and  no  water  !  This  implies,  of  neceasity,  absence  of  winds 
and  currents, — absence  of  motion  everywhere — ^in  the  sky  as  on  the 
surface.  At  the  most»  under  the  influence  of  the  alternations  of  heal 
and  cold,  the  disintegration  of  the  roc^ks  and  the  destruction  of 
eipiilibriiun  of  fhe  heavy  Ixidies  causing  the  fall  of  f/^/j»/vV<  break  the 
monotony  of  the  stillness  and  eternal  silence.  For  sound,  as  it  ciinnot 
be  communicated  without  an  aerial  medium,  can  only  make  itsell* 
kiu)wn  by  the  contact  vi'  solid  muhx^nles.  To  an  inhubitant  of  the 
Earth,  our  light- giver  by  night  would  appear,  according  to  the  ex- 
pression of  lIuml:H>l(lt,  but  a  silent  and  voiceless  desert. 

It  has  been  said  before  that  the  large  dark  spits,  which  the  first 

*  [After  iill  fair  deductions  on  the  score  of  imperfection  of  observation  op 
precjpitaucy  of  infeieiicc,  there  are  still  leaiJuary  jiheDomcna, — such  aa,  for  iu- 
stanct%  tha  extriiordiuary  profusion  of  brilliant  poiat-s  which,  on  rare  otLtwsioiiH, 
(hversify  ttid  .Uan'  (VM*«m,— so  difltcuit  of  iuterpreljfitioti,  that  we  njay  judge  it 
wisest  to  Hvoid  too  positive  hii  opinioii. — T.  W,  WJ 
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observers  took  for  seas,  are  now  known  to  be  vast  jiluins,  luwer  in 
level  than  the  valleys  of  the  moimtainoii.s  regione.  One  thing, 
whirh,  doubtless,  in  the  first  instance,  increased  the  illusion,  was,  tliat 
many  of  thene  spots  appear  of  a  light  greyish  green  colour  :  other-s 
are  greenish  grey,  reddish,  or,  again,  of  a  deep  grey,  like  steel  The 
absence  of  seas,  waters,  and— as  a  natural  conseciuence  — of  rains,  is 
80  much  the  more  probable,  as  it  well  explains  the  present  appearance 
of  the  surface  of  the  Moon,  or,  in  other  words,  the  geolog}'  of  its 
superficial  stratu.*  *'The  Moon,"  says  Humboldt,  *' is  nearly  such 
us  the  Earth  must  have  been  in  it8  priiuitive  state,  before  being 
everywhere  covei-ed,  owing  to  the  continuous  action  of  tides  and 
currents,  with  sedimentary  Ixnlsrieh  in  shells,  gravels,  and  alluvium." 
It  IS,  necessary,  however,  to  distinguish  between  the  mountuinous 
regions  and  the  regions  of  the  plains.  These  latter  ofler  a  ranch  more 
luiiforra  surface,  and  it  iipfiears  probable  that  it  is  owing  to  sedimentary 
beds  which  are  there  deposited. 

[Instead  of  seas  they  are  most  probably  old  sea-lxjttoins. 

Such,  then,  are  the  results  of  the  telescopic  observations  of  the 
side  of  our  satellite  turned  towards  us.  Do  we  know  anything  about 
the  like  conditions  of  the  side  turned  away  from  \m?  or,  again,  can 
we  dive  into  the  past  history  of  the  Moon  ? 

The  illustrious  Hansen  has  held  that  it  is  quite  |>08sible  that  the 
lunarians  on  the  side  away  from  us  may  j)osscss  both  water  and  an 
atmosphere,  and  that  the  side  turned  towards  us  may  be  regtirded  as 
one  vast  inountain,  Adams  imd  Le  Verrier,  however,  have  shoi^Ti 
that  such  a  hypothesis  is  not  veiT  seciu'ely  bustd. 

Professor  Frankland  has  perhaps  provided  us  with  some  data 
towards  answering  the  se(»ond  question.  A  study  uf  the  glaciid  epoch 
i>ti  our  own  globe,  he  asserts,  renders  it  iirobable  that  the  other 
IxKlies  belonging  to  our  solar  system  have  either  already  passed 
through  a  similar  epoch,  or  are  destined  still  to  encounter  it.  With 
tlie  exception  of  the  jwlar  ice  of  Mars  we  have  hitherto  obtained  no 
certain  glimpse  into  the  thermal  and  meteorological  condition  of  the 
fdunets ;  and,  indeed,  the  M(M>n  is  the  only  bt>dy  whose  distance  is  not 
too  great  to  prevent  the  visibility  *)f  cumparatively  minute  detiiils 
upon  her  surface.  Professor  Fraokluud  believes,  and  his  belief  rests 
on  a  sj>ecial  study  of  the  lunar  surface,  that  our  satellite  has,  like  its 


*  [The  long  continuance  of  cni\iii7e  action,  so  distinctly  marked  by  the  suo- 
cessivc  enorouchnient  of  more  receat  craters  upon  tbe  boundaries  of  older  ones, 
&Dd  tbe  decrease  of  its  energy,  equally  traceable  in  the  diminished  magnitude  of 
the  results,  are  too  evident  to  admit  of  a  question.  But  many  other  features  are 
of  a  more  equivocid  cbttracter. — T.  W.  WJ 
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primary,  also  passed  through  a  tj^liieiiil  epoch,  and  that  several,  at 
Iriii^f,  <*f  tbi'  ra//n/H,  rillcH,  iind  Htnaks  ni"  ibe  lunnr  Hurfiic^e,  are  not 
iiiiprohiibly  due  to  former  glacial  action.  Notwithstanding  the  ex- 
cellent detinition  of  modern  telescopea,  it  could  not  be  expeuted  that 
other  than  the  must  gi)j;'iintic  of  the  fburaeteriHtic  details  of  an  ancient 
P^lticier  bed  would  be  rendered  visible.  What  then  may  we  espcH:*t  to 
8ee  ?  Under  favoiirul>Ie  circinnstanecs  the  terminal  moraine  of  a 
f>"laeier  attatnf^  enoiTiiouH  dimensions;  and,  consc»qnently,  of  all  the 
marks  of  a  glacial  valley  thiw  would  bo  the  one  most  likely  to  be  first 
perceived.  Two  such  tonniiial  nioraincs,  one  of  them  a  double  one,  have 
apjK'arod  to  him  to  Im?  traceable  n|xm  the  Moon's  surface.  Tlie  first 
is  situated  near  the  termiiuition  of  that  remarkable  streak  which  corn- 
men  ees  near  the  ba^e  of  Tycho,  and,  pas^siug  under  the  south -eastern 
wall  of  BidliidduM,  into  the  riiig  of  which  it  appears  to  cut,  i8  gradually 
lost  after  piis^sing  Lubiniezky,  Exactly  opposite  this  last,  and  ex- 
tending nearly  acrosw  the  strenk  in  question,  are  two  ridges  forming 
the  arcs  of  circlc«  whose  centres  are  not  coincident,  and  whose  ext4}rnal 
curvatnre  is  towards  the  north.  Beyond  the  sei^ond  ridge  a  talus 
shapes  gradually  Aowii  northwards  to  the  general  level  of  the  lunar 
Mirface,  the  .whole  presenting  an  nppearance  reminding  the  observer 
of  the  concentric  moraines  itf  the  Uhone  glacier.  These  ridges  are 
visible  for  the  whole  iJericKl  during  which  that  portion  of  the  Moon's 
surface  is  illuniinattMl ;  but  it  is  only  about  the  third  day  after  the 
Hr.st  c|uarter,  and  at  the  corresponding  phase  of  the  waning  Moon* 
when  the  Sim^s  rays,  fidling  nearly  horizontally,  throw  tlie  details  oi' 
this  part  of  the  surface  into  sfrong  relief,  and  these  appenrances 
suggest  this  exphmation  of  them.  The  other  ridge,  answeiing  to  a 
tenniiud  moraine,  occurs  at  the  northern  €*x t rem ity  of  that  magnificent 
valley  which  lains  past  the  eastern  txlge of  Rheita. 

With  regard  to  the  probabilit}'  of  former  glacial,  or  even  aqueous, 
agency  on  the  surface  of  the  Moon,  difficulties  of  an  apparently  very 
lormidable  character  present  themselves.*  There  is  not  only  now  no 
evidence  whatever  of  the  presence  of  water,  in  any  one  of  its  three 
tnrms,  on  tlie  hniar  sarfaee,  hut,  on  the  contrary,  all  selenographic 
(ibservations  tend  to  prove  its  absence.  NevertheleMS,  the  idea  t>J' 
IVirmer  aqueous  agency  in  the  Mt3on  has  received  almost  imiversal 
aeceptjition.     It  was  cnt^rtiiint>d  by  Gruithuisen  and  fvthers.     But,  if 

*  [It  may  be  objected  to  this  iugenioua  theory  that  the  traces  of  such  an 
fiction  would  be  far  more  iiiimeroui*,  there  being  great  probability  that  there 
\vo(il<1  be  a  rejfular  gratlatioii  in  their  propoitions,  itnd  an  absolute  certainty  that 
tlu-y  woulil  be  visil>le  in  la^iflera  tclesco]>€S,  evea  if  of  far  Iciis  magaitiule  than 
those  referreil  to.— T*  W.  W.j 
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water  at  one  time  existed  on  tlie  surface  of  the  Moon,  whither  has  it 
disappeared  ?  If  we  assume,  in  accordance  with  the  iiehidar  hj-po- 
thesis,  thut  the  portions  of  matter  composing  respectively  the  Karth 
and  the  Moon  once  poase^sed  an  equally  elevated  tcmperatnTe,  it 
tdmoat  necessarily  follows  that  the  Moon,  owing  to  the  comimrative 
smalliiess  of  its  maiis,  woidd  cool  much  more  rapidly  than  the  Earth  ; 
tor,  whilst  the  volume  of  the  Moon  is  only  about  -/^th,  its  vsurface  is 
nearly  ^^th  that  of  the  Earth.  This  cooling  of  the  mass  of  the  Moon 
must  J  in  accordance  with  all  analogy,  have  been  attcndtHl  with  con- 
traction, which  can  Bcarcely  be  conceived  as  occurring  without  the 
development  of  a  cavernous  structure  in  the  interior.  Much  of  this 
cavernitis  structure  woidd  doubtless  communicate,  by  means  of 
lissures,  mth  the  surface ;  and  thus  there  would  be  provided  an  in- 
ternal receptacle  for  the  ocean,  from  the  depths  of  which  even  the 
burning  Sun  of  the  long  lunar  day  would  be  totally  imahle  to  dislodge 
more  than  traces  of  its  vajjour.  Assiuning  the  solid  mass  of  the 
IHoon  to  contract  on  cooling  at  the  same  rate  as  granite,  its  refiigera- 
tion,  through  only  180°  Fahrenheit,  would  create  cellular  space  equal 
to  nearly  14^  milliona  of  cubic  miles,  which  would  be  more  than 
Bufficient  to  engidf  the  whole  of  the  lunar  oceans,  supposing  them  to 
bear  the  same  i*rc>portion  to  the  mass  of  the  Moon  as  our  own  oceans 
bear  to  that  of  the  Earth. 

Now,  if  such  be  the  present  condition  of  the  Moon,  we  can  scarcely 
avoid  the  conclusion  that  a  liquid  ocean  can  only  exist  upon  the 
surface  of  a  planet  so  long  as  the  latter  retains  a  high  internal 
tempcratm-c.  The  Moon,  then,  becumcs  to  us  a  prophetic  picture  of 
the  idtimate  fate  which  awaits  our  Earth,  when,  deprived  of  an  ex- 
ternal ocean,  and  of  aU  hut  an  annual  rotation  upon  its  axis,*  it  will 
revolve  round  the  tSun  an  arid  and  lilcless  wilderness,  one  hemisphere 
being  exposed  to  the  perpetual  glare  of  the  solar  rays,  the  other 
shrouded  in  eternal  night,  ]t 

The  climate  of  our  Satellite  must  be  not  less  extraordinary  than 
its  geology.  During  about  tif\een  days  the  Sun  pours  its  rays>  with- 
out any  cloudy  curtain  or  aerial  current  to  temper  them.  To  this 
temperature,  more  intense  even  than  that  of  our  torrid  zone,  succeeds 
an  intense  cold,  which  a  night  of  fifteen  days'  length  renders  more 

*  [XCaycr  has  recently  proved  that  the  action  of  the  tides  tends  to  arreet  the 
motion  of  the  Earth  upon  its  axis.  And  although  it  has  been  sisscrted  that,  since 
the  time  of  Hipparchua,  the  length  of  the  terrestrial  day  has  not  increaised  by 
the  fii^th  part  of  a  second,  yet  this  fact  obviously  leaves  untouched  the  con- 
ciuaion  to  winch  Mayer's  reasoning  le^ids.] 

t  Professor  Fiunklaiul,  **  Proc,  RoyoJ  Institution,"  voL  iv,  p.  17.^. 
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glacial  than  tbai  of  our  polar  winters.  It  is  true,  tbitt  during  the 
day  the  nidiatioii  of  the  solar  heat  mtti  space  iigaiii  is  not  prevented. 
We  must  eonckitle,  therefore,  that  the  eHmutecS  of  the  various  re- 
gions of  the  iloon  have  a  certain  analogy  with  those  of  our  Alpine 
regions  ;  seeing  that  the  depression  of  the  temperature,  and  the  rever- 
beration of  the  intense  light  there,  beeome  insupportable  by  the 
continuity  of  their  action. 

There  are,  properly  spciiking,  no  sejisons  on  the  Moon.  The 
slight  inclination  of  its  axis  of  rotation  maintains  the  Sun  at  a  nearly 
constiint  inelination  in  eaeh  latitude.  But  whilst  in  the  eqmitorial 
regions  the  nidiant  body  scarcely  leaves  the  zenith  ;  at  the  middle  of 
the  day,  in  the  polar  regions,  it  t^carcely  rises  above  the  horizon. 
The  polar  mountains  enjoy  perpetual  day,* 

One  can  understand,  also,  that  the  inclination  of  the  Sun  to  the 
lunar  surface,  variable  aecording  to  the  latitudes,  can  never  have  on 
the  Moon  the  same  ijnportanee  as  on  the  Earth  ;  8ince  the  rays, 
whether  luminous  or  caloritie,  are  transmittcH^l  directly  to  the  surface 
wnthout  having  to  traverse  atmosjdieric  strata  of  unequal  thicknesses. 

The  revolution  of  our  Satellite  is  effcHi-ttxl  with  variable  velocity, 
whilst  its  movement  of  rotation  is  uniform.  Hence  results  a  want 
of  corresi>ondence  between  the  two  movements ;  and  the  Earth  is 
found  sometimes  to  the  east,  sometimes  to  the  west,  of  the  point  of 
spice  opposite  to  a  tixed  point  of  the  surface  of  the  Moon,  considered 
as  the  centre  of  the  visible  hemisphere.  We  thus  discover  regions 
both  at  the  eastera  and  western  limbs,  which,  without  this  ( ircum- 
stunce,  woidd  remain  hidden  to  ns. 

Nor  is  this  all ;  the  inclination  of  the  plane  of  the  lunar  orbit, 
addixl  to  that  of  its  equator,  to  the  plane  of  the  terrestrial  orbit, 
causes  the  Moon  to  present  to  us  sometimes  the  north,  t^oinetimes 
the  south  pole,  of  its  globe,  and  thus  to  imeover  certain  portions  of 
its  polar  regions  which  otherwise  we  should  not  see. 

From  these  two  lihatfOH-s,  which  is  the  name  given  to  these 
movements,  it  follows  that  of  1000  parts  of  the  surface  of  the  Moon, 
569,  or  more  than  half,  are  visible  to  the  Earth,  whilst  only  431 
remain  constantly  liidden  J'rom  us, 

*  "  The  Sui:t  does  uot  descend  below  tlie  real  horizon  of  a  lunar  pole,  at  the 
mostj  to  an  angle  greatci'  than  the  iiicliaation  of  the  equator  of  the  Moun  ;  that  is 
to  say,  r  30' ;  but  the  smallnesa  of  the  globe  of  our  sateUite  is  sueh,  that  at  an 
elevation  of  Brjtiyiinls  \vc  sec  l^  30'  below  the  true  horizou.  Now  there  exist  at 
ih©  North  Pole  mountains  upwards  of  4000  yards  in  height ;  consequently  the 
aummit  of  these  mountains  can  never  be  hidden  from  the  light  of  tlie  Sun." — 
Beer  and  MikU^r^  **  FroynunU  4ur  le^  Corp^  C^l^MesJ** 
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But  us  the  dimensions  of  the  Earth  are  very  appreciable  when 
compared  to  its  distantie  from  the  Moon  ;  it  follows  that  an  observer, 
as  he  moves  on  the  terrestrial  Bpheroid,  displaces  the  iipparent  centre 
of  the  limar  di.sk,^ — or,  what  comes  to  the  same  things,  perceives  the 
different  portions  near  the  limbs. 

The  etiect  of  thifi  displacement  again  increases  the  dimensions  of 
the  portion  of  the  Mcxin  which  is  accessible  to  ur,  in  such  a  maimer, 
that  of  1000  parts  424  only  remain  definitely  and  absolutely  hidden, 
576  are  visible  to  us. 

From  east  to  west,  the  ]>art  of  the  Jloon  which  must  for  ever 
remain  tmknown  to  us  embraces  2780  miles ;  from  north  to  south. 
2815  miles;  from  the  lat,  of  40°  north*  To  the  same  latitude  south, 
2690  miles.  T^Tiilst  the  same  dimensions,  calculated  for  the  visible 
surface,  are  respectively  3310,  32G6,  and  3390  miles,  accordiuj^  to 
Beer  and  Madler. 

A  complete  zone,  therefore,  of  the  half  of  the  Moon  which  is 
turned  away  from  the  Earth,  is  accessible  to  the  eyes  of  man.  [8o 
much  foreshortened,  however,  that  onr  knowledge  of  great  part  of  it 
must  always  remain  very  defective.] 

"  Now,  observations  have  not  indicated,''  we  quote  these  two  most 
diligent  explorers  of  the  Moon,  "  any  essential  difference  between 
those  regions  which  fonn  the  seventh  part  of  the  hmar  surface 
generally  hidden  from  our  gaze,  and  those  with  which  wo  are  ac- 
quainted ;  the  same  mountainous  countries  and  the  same  mnrm  are 
fomid  there.*'  Hence,  it  is  most  natural  to  conclude  the  similarity  of 
the  invisible  portions  to  those  which  we  see. 

That  the  part  actujdly  inviRible  wiH  for  ever  remain  unknown 
to  the  Earth,  follows  from  the  searching  analysis  of  Laplace. 

To  bring  to  an  end  the  description  of  the  physical  particularities 
which  make  the  Moon  a  body  so  different  from  the  globe  which  we 
inhabit,  let  us  see  if  the  astronomical  phenomena  are  the  same  for 
her  as  for  the  Earth.  Without  examining  into  the  interesting — 
almost  insoluble  question,  of  the  existence  of  living  and  organized 
beings  on  the  surface  of  the  Satellite  of  our  little  Eartli,*  we  shall 
suppose  an  observer  successively  placed  on  each  of  ifs  hemispheres. 


*  Others,  more  danng  than  oiiraelvea,  will  ilonbtless  cut  the  knot  of  this 
difficulty.  They  will  assert,  with  a  great  chanc«  of  beiag  believed,  that  lui  or- 
ganized being  cannot  live  without  air  and  water,  and  that  the  climatic  conditions 
«f  the  Moon  arc  evidently  opposed  U)  such  organisms  ;  we  will  not  cf>iitraclict 
them.  The  cause  of  our  reaerve,  however^  is  easy  to  understand.  K,  licfore  having 
observed  any  of  the  innumerable  organisms  which  people  the  waters  on  onr  planet, 
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The  phasea  of  the  Moon  indicate,  that  she  presents  all  the  points  of 
her  sphere  to  the  Sim  in  an  interval  of  29  ^^^  days,  or  as  it  may  be 
put,  in  about  709  hours ;  each  of  these  points,  therefore,  receives  during 
354  J  hours  the  eolar  hght  and  heat,  for  this  is  the  length  of  the 
Moon's  day.  During  354^  hours  the  same  point  is  entirely  deprived 
of  light  and  lieat,  this  is  the  length  of  its  night.  From  this  jxyiiit  of 
view  there  is  an  entire  equality  between  the  visibk^  and  the  invisible 
I  lenii  spheres. 

The  absence  of  atmosphere  must  give  to  the  lunar  days  a  singular 
a.spect.  The  disk  of  the  Sun,  seen  sharp  and  distinct,  is  deprived  of 
tho«e  rays  which  guiTound  him  t^  a  great  distance  as  seen  from  the 
Earth.  If  it  be  true  that  the  Sun  is  surrounded  by  an  atmosphere, 
thiH  envelope  shoidd  be  clearly  visible  in  the  lunar  sky,  whieh  every- 
where else,  as  yte  have  said,  remains  dark,  and  even  in  broad  day  is 
overspread  with  stars. 

But  the  intensity  of  the  light  of  the  Hun  and  that  of  his  direct 
heat,  are  not  the  same  at  mid-day  in  eaeh  hemisphere  of  the  Moon, 
In  fact,  it  is  noon  for  the  points  of  the  lunar  meridian  whieh  is 
presented  to  us  at  the  exact  moment  of  full  moon ;  while,  for  the 
other  half  of  thii*  meridian,  our  lunar  antipodes,  noon  coincides  with 
the  instant  of  the  new  moon.  Now,  in  the  first  position  the  Moon 
is  further  from  the  Sun  than  in  the  second  by  double  its  mean 
distance  Irom  the  Earth,  or  by  the  200th  part  of  the  distance  of 
the  Sun  from  the  Earth.  So  the  apparent  diameter  of  the  Sun  is 
greater  in  the  second  case  than  in  the  firwt  by  about  the  two- 
hundrtdtb  purt» 

During  the  nights  of  this  latter  hemisphere,  the  lunar  observer 
will  constantly  see  the  Earth  under  the  form  of  a  luminous  disk, 
14  times  larger  than  the  Moon  in  our  own  sky,  and  presenting 
successively  a  series  of  phases  analogous  to  her  own.  The  nights, 
fherefore,  will  never  be  quite  dark,  as  in  fact  is  indicated  by  the 
Earth-shine.  At  midnight,  that  is,  at  the  Moon's  midnight,  the  side 
of  which   we   speak — the  one   turned    towards  ui,    then    invisible 

and  before  having  bearcl  of  their  ©xiateoce,  any  one  had  suddenly  learned  that  it 
ia  poBsiblc  to  eiist,  breathe,  and  move  in  water,  and  if  he  then  referrefl  to  simple 
experimeDt,  whicli  teaches  that  prolonged  immersion  in  a  liquid  is  fatyil  to  all 
the  organisms  known  to  him,  even  to  man  himself ;  witliuut  doubt,  the  assertion 
would  cause  him  the  greatest  surprise,  Such  would  be  our  surprise  were  it  erer 
deraonstrated  by  facts  beyond  dispute,  that  living  beings  eiist  on  the  surface  of 
the  Moon.  Nature  h  so  varied  in  its  modes  of  action,  so  infinite  in  the  manifes- 
tations of  its  power,  that  nothing  in  Nature  can  be  pronoimced  by  man  to  be 
abfiolutely  impossible. 
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because  it  is  lost  in  the  Sun*8  rays — ^will  have  full  Earlh.  The 
light,  which  she  then  receives  from  the  luminoas  disk  of  our  planet, 
m  equol  to  that  which  would  be  received  by  oui'selves,  if  14  full 
Moons  equal  to  our  own  were  iit  the  same  time  lighting  up  our 
evening  sky. 

On  the  other  hand,  the  Earth  is  unknown  to  the  lunarian  ob- 
server situated  on  the  invisible  hemisphere,  and  the  chirknesa  of  the 
nights  there  can  only  be  imagined  by  bearing  in  mind  that  they 
are  tempered  by  no  twilight,  and  that  the  only  illumination  received 
by  that  hemisphere  m  star-light.  Between  these  two  region.^,  which 
form  together  six-sevenths  of  the  surface  of  the  Moon,  is  the 
zone,  near  the  limb,  which  comprises  the  parts  in  which  the  Earth 
is  sometimes  in  view,  sometimes  invisible.  In  this  zone  the  Earth  rises 
and  sets,  but  its  disk  rises  only  a  short  distance  above  the  horizon. 

In  the  visible  hemisphere,  the  phases  of  the  Earth,  the  observa- 
tion of  the  diiferent  features  which  appear  and  disappear  in  turn 
by  the  effect  of  rotation  serve  as  a  clock  ;  it  is  a  dial,  all  but  fixed 
in  the  same  point  of  the  sky,  like  an  immense  lamp,  behind  which 
the  stars  defile  slowly  along  the  dark  sky. 

As  to  those  regions  of  the  Moon  which  are  invisible  to  the  EaHh, 
as  soon  as  the  Sun  has  disappeared  below  their  horizon  they  are 
suddenly  plunged  into  the  deepest  night.  During  350  hours,  an 
astronomer,  if  he  were  transported  to  such  a  favourable  sky,  would 
be  able  to  carry  on  his  observation  of  planet  and  star  unimj>cdcd  by 
cloud,  moon,  or  twilight.  Another  difference  which  characterises 
the  invisible  hemisphere  is,  that  there  the  Sun  is  never  eclipsed, 
whilst  in  the  hemisphere  turned  towards  us  solar  eclipses  last  some- 
times two  hours. 

Here,  then,  we  may  bring  our  notice  of  the  details  of  the  lunar 
world  and  its  singular  constitution  to  a  conclusion.  The  phenomena 
to  which  we  have  just  referred — ^ Eclipses  of  the  Sun  and  Moon — 
which  are  invested  with  such  absorbing  interest,  now  demand  our 
attention. 

[Before,  however,  parting  company  vriXh.  the  Moon,  we  would 
refer  the  reader  who  would  know  more  about  her  to  the  Rev.  T.  W. 
Webb's  work,  **  Celestial  Objects  for  Common  Telescopes.**  That 
observer  has  for  many  years  made  the  Moon  his  special  study*  We 
may  also  congratidato  ourselves  that  at  last,  thanks  to  the  example 
set  by  Mr.  Webb,  Mr.  Eirt,  and  other  observers,  and  to  the  advance 
of  lunar  photography  in  the  hands  of  Mr.  De  La  Rue,  whose  latest 
result  is  an  exquisite  photographic  portrait  of  the  Moon,  38  inches  in 
diameter,  the  investigation  of  the  Moon's  surface  is  being  taken  up 
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in  earnest,  and  there  is  now  a  standing  "  Moon  Committee  "  of  the 
British  Association,  under  whose  auspices  good  work  is  being  done  ; 
and  a  map,  8  feet  4  inches  in  diameter,  is  being  constructed  by  Mr. 
Birt,  whose  perseverance  in  this  field  of  investigation  is  worthy  of 
all  praise.*  In  spite  of  the  general  excellence  of  Beer .  and  Madler's 
map,  some  parts  so  ill  represent  the  actual  appearance  of  the  Moon, 
that  in  some  minds  the  idea  has  arisen  of  changes  actually  going 
on.  This  is  improbable,  but  we  must  wait  for  a  larger  map  and 
for  more  observations  before  we  can  positively  assert  that  this  is 
not  the  case.  As  has  been  pointed  out  by  Mr.  Grove,  observations 
of  the  geologically  or  rather  selenologically  recent  formations  will 
from  this  point  of  view  be  the  most  hopeful  and  valuable.  We  may 
venture  to  express  our  belief  that  this  and  similar  work  will  be  best 
done  by  filling  in  from  eye-observations  a  skeleton  map  prepared 
from  photographs  of  the  various  regions,  on  the  largest  scale  possible, 
reduced  to  a  mean  libration.f] 

♦  [The  labours  in  hmar  astronomy,  more  especially  as  regards  the  Moon's 
surface,  of  Julius  Schmidt  of  Athens,  have  been  very  extensive.  Since  the  year 
1842  he  has  made  and  calculated  4000  micrometrical  measures  (made  at  the 
observatory  of  Olmutz,  between  1853  and  1858)  of  the  altitudes  of  lunar  moun- 
tains. In  addition  to  these  he  has  nearly  1000  original  sketches,  which  he  is 
now  engaged  in  combining  into  a  map  of  three  feet  radius.] 

t  [Since  this  was  written,  the  Moon  Committee  have  determined  upon  con- 
structing such  a  skeleton  map  as  here  proposed,  and  zones  1°  or  2®  broad  will  be 
distributed  among  different  observers.  We  may  thus  hope  for  a  complete  map  on 
an  adequate  scale  in  a  comparatively  short  space  of  time.] 
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Oeneml  Theory  of  Eclipses— Eclipse  of  the  San  can  only  take  place  at  the  time 
of  New  Moon — Ttie  Eclipse«  of  the  Moon  happen  at  Opposition— Why  each 
Lmiation  is  not  accompanied  bj  Two  Eclipses. 


r>f  file  Moon  and  the  Earth  bring  these 


Whex  the  movement.^ 
bodies  in  such  ti  position,  that  their  centres  iind  the  centre  of  the 
Sun  are  all  in  the  same  straight  line,  the  phenomenon  which  follows 
from  this  partieular  situation  of  the  three  eelestial  bodiej^  in  what  is 
called  an  Eelipse.  If  it  be  the  Moon  which  occupies  the  intermediate 
position,  it  turns  it«  dark  hemisphere  towtu-da  the  Earth  ;  and  the 
interpi)Mition  of  its  bhick  disk  between  us  and  tlie  luminous  Ijody 
of  the  k>un  prevents  the  rays  of  the  latter  reaehing  us,  and  an 
Eclipse  of  the  Sun  is  produced.  If  it  be  the  Earth  which  oi^eupies 
the  mid- interval,  our  globe  acts  as  a  screen;  the  lunar  hemisphere 
turned  towurda  the  Sun  no  longer  receives  his  rays,  its  disk  is 
obscured,  and  we  have  an  Eclipse  of  the  Moon. 

But  this  way  of  considering  the  phenomena  is  only  from  oiir 
own  point  of  view.  In  reality,  in  hoth  these  cases,  there  is  simul- 
taneously an  echpse  to  each   of  the  three  bodies  in  question* 

"V^Tiat  happens,  in  fact,  in  the  first  case  F 

To  an  observer  placed  on  the  Sun»  the  Moon  seems  projected  on 
the  Earth,  hiding  a  portion  of  the  surface,  although  it  is  true  that  the 
two  superposed  disks,  as  they  arc  both  luminous,  would  not  permit  the 
dai;kened  part  of  the  surface  of  the  terrestrial  globe  to  be  seen,  from 
the  Sun.  An  observer  situiited  on  the  dark  hemisphere  of  the  Moon 
will  perceive  an  eclipse  of  the  Earth,  that  is  to  say,  a  successive  dark- 
ness over  all  tlie  regions  of  our  globe  in  which  the  eclipse  of  the  Sun 
is  visible.  Lastly,  in  the  case  which  produces  an  eclipse  of  the  Moon  as 
seen  from  the  Earth,  there  is  also  an  eclipse  [occultation]  of  the  Moon 


Tho  Earth  and  the  Moon  aro  two  spherical  and  opaque  hodies, 
and  the  halves  of  hoth  are  constantly  illmninated  by  the  ruys  of  the 
Sun,  whilst  the  other  halves  are  in  the  shade.     The  illuminating  body 
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18  itself  a  sphere  of  much  grater  dimensions.     Not  only,  therefore, 

have  the  Moon  and  the  Earth  tdways  one  of  their  hemispheres  dark, 
but  eaeh  of  these  two  bodies  throws  behind  it,  away  from  the  Sun,  a 
shadow  of  conical  form,  the  length  and  diameter  of  which  depend 
on  the  distance  and  tlianieter  of  the  iUuminating  body,  and  the 
diameter  of  the  illuminated  body. 

This  cone  of  shade  encloses  all  those  parts  of  spaeo  where,  by 
reason  of  the  interj^osition  of  the  opaque  body,  no  ray  of  light 
from  the  Sun  can  be  received.  Beyond  the  summit  of  this  cone 
of  pure  shadow — of  Ktuhra^-anA  in  its  prolongation,  are  situate  all 
those  points  of  space  which  see  a  part  of  the  Sun,  under  the  form  of 
a  luminous  ring,  bordering  the  obscure  disk  of  the  opaque  body. 

Lastly,  these  two  regions  are  themselves  suxrounded  by  what 
is  called  a  pruumhra.  Every  part,  of  space  situated  in  the  penumbra 
only  receives  light  from  one  part  of  the  Sun,  the  luminous  disk  of 
which  seems  partially  invaded  by  the  obscure  disk  of  the  opaque  body. 
The  darkness  produced  by  the  penumbra  is  so  much  more  intense 
as  the  point  in  question  is  nearer  the  umbra. 

The  Moon  and  the  Earth,  in  their  movements,  carry  with  them 
their  cones  of  umbra  and  penumbra,  and  it  is  by  projecting  these 
total  and  partial  shadowinga  one  on  the  other  that  they  produce  the 
phenomena  of  eclipses. 

Now,  if  we  look  at  fig.  65,  it  will  be  at  once  seen  why  an 
eclipse  of  the  Sun,  when  it  does  happen,  always  takes  place  at  the 
moment  of  the  new  Moon,  and  why,  on  the  contrary,  an  eclipse  of  the 
Moon  is  only  possible  at  the  period  when  our  sateDite  is  in  opjx)si- 
tion,  that  is  to  say,  at  the  moment  of  full  Moon.  In  all  the  other 
positions  of  our  satellite,  that  is  to  say,  in  all  the  other  phases  of 
the  lunation,  the  lunar  cone  of  shade  is  projected  into  space  away 
from  the  Earth,  and  the  terrestrial  cone  of  shade  does  not  meet 
the  Moon. 

This  is  confirmed  by  all  the  observations  of  eclipses.  It  does  not, 
however,  follow  that  there  is  an  eclippe  at  every  full  Moon,  or  at 
each  new  Moon  ;  tmd  the  reason  for  this  is  not  far  to  seek. 

There  would  be  really  two  eclipses  in  each  limar  month,  one  of 
the  Sun,  the  other  of  the  Moon,  if  the  orbit  of  the  Karth  round  the 
Sun  and  the  orbit  of  the  Moon  roimd  the  Earth  were  desiTiWl  in  the 
same  plane.  Then,  at  the  epoch  either  of  opposition  or  of  eon- 
junction,  the  centres  of  the  three  bodies  would  be  necessarily  in  a 
straight  line. 

But  it  has  been  seen  that  this  is  not  the  case.  The  orbit  of  the 
Moon    is  inclined  to    the   place    of  the    ecliptic^  so  that   it  often 


170 


THE  SOLAH  SYSTEM, 


liappeiis  thiit,  at  the  mament  of  the  new  Moon,  our  satellite  projecte 
its  cone  of  sliude  above  or  below  the  Earth,  Similarly,  at  the  period 
of  opposition,  the  Moon,  in  consequence  of  its  p<^)!sition  out  of  the 
plane  of  the  ecliptic,  passes  sometimes  above,  sometinies  below  the 
terrestrial  eone  of  shade.  Every  time  that  this  happens  of  course 
there  is  no  eclipse. 

Let  us  see,  then,  what  conditions  are  ne*jes8ary  for  an  eclipse  of 
the  8un  or  the  Moon, 

The  orbit  of  the  Mt>on,  we  repeat,  is  situated  in  a  plane  which 
makes  with  the  plane  of  the  terrestrial  orbit  a  eertnin  angle,  nciirly 
constant. 

It  follows  that  half  of  the  monthly  revolution  is  eiie<^tted  above 
this  latter  plane,  whilst  the  other  half  is  aecomplished  below  it. 
The  Moon  then  pasaes  through  the  ecliptic  twice  every  lunation. 

The  two  positions  which  it  occupies  during  these  passages  are  the 
NoiivH.  (Ine  is  called  the  mrendiag  nodr,  the  either  the  descending 
node;  because  they  correspond,  the  first  to  the  movement  of  the 
Moon  when  it  rises  from  the  south  side  to  the  north  side  of  the 
ecbptic,  the  scrond  to  the  inverse  movement. 

If  the  nodes  remained  invariable  in  their  rehitive  positions  with 
regftrd  to  the  8un,  one  of  two  things  would  happen  ;  either  there  woidd 
be  no  echpses  at  all,  or  there  would  he  two  in  each  lunar  month.  But 
the  nodes  are  displaced  Irom  one  lunation  to  another;  and  it  is  easy 
to  comprehend  that  an  eclipse  will  take  place  every  time  that  they 
ciJincide  with  the  phiises  of  the  fidl  and  the  new  Jloon  —  with  the 
Hyzygiea^  as  they  tire  called.  This  coincidence  need  not  be  absolute  ; 
it  suffices  that  the  nodes  be  so  ne^ir  these  phases,  that  the  size  of 
the  cones  of  shade  makes  an  immersion  either  of  the  iloon  or  of  the 
Earth  possible. 

Such  is  the  first  general  condition  of  possibilitj^  of  these  phe- 
nomena. There  are  still  others  which  are  proper  to  each  kind  of 
eclipse,  which  we  shall  discuss  in  describing  the  two  kinds  of 
eclipses  separately. 


E«LU*SES  OF  THE  SUN. 
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Conditiooij  of  the  PoH^ibility  and  Visibility  of  Eclipses  of  the  Sun— Totnl, 
ADDiilar^  and  Partial  Eclipses — Path  of  the  Moon's  Shallow  along  the 
Earth— Ix)Dgest  pcJBsible  Duration  of  Solar  Eclipses— The  Corona,  Red  Pro- 
minences ;  they  belong  to  the  Sun;  their  Shape  and  Height  — Influence  of 
the  Phenomena  of  Echpses  on  Living  Beings. 


Solar  ellipses  are  of  three  kinds.  Some  are  totul ;  the  dtirk 
disk  of  the  Mooii  then  entirely  covers  the  Sun.  Others  are  partial ; 
that  is,  a  portion  only,  large  or  small,  of  the  solar  disk  is 
ecUprtcd.  Lastly,  there  are  annidar  eulipses,  whii-h  take  place  when 
the  disk  of  the  31  (M»n  is  not  large  enough  to  entirely  cover  thut  of 
the  Sun,  and  leaves  a  luminous  ring  visible  round  its  own  body. 

Ab  the  iloon  is  mueh  siniiller  thun  the  Sun,  it  will  be  understood 
that  it  18  its  small  relative  distance  wbieh  causes  its  disk  to  ajjpear 
of  equal,  and  even  greater  dimensions  than  that  of  the  Sun.  This 
distance  varies  by  reason  of  the  elliptical  form  of  its  orbit,  and  hence 
the  dimensions  of  the  lunar  disk  are  sometimes  larger,  feiometimes 
smaller  than,  and  sometimea  t«qual  to,  those  of  the  Sun. 

This  is  the  same  as  saying  that  the  cone  of  real  shadow  or  umbra, 
proJL»eted  by  the  new  Moon  towards  the  Enrth*  reaches  or  does  not 
reach  the  surface  of  our  globe.  If  it  reach  this  surface,  there  is  a 
total  eclipse  to  all  the  parts  of  the  Earth  which  are  plunged  in  it; 
n  partial  eclipse  to  all  the  regions  contained  in  the  pcnnmbra.  This 
will  Ik*  miderst'Ood  from  the  following  tigure. 

If  the  cone  of  the  Moon's  shadow  does  not  reach  the  Earth,  there 
will  be  an  annular  eidipse  visible  in  those  parts  comprised  in  the 
prolongation  of  the  cone ;  a  partial  eclipse  to  tho«jse  which,  are  only 
found  in  the  penumbra.     This  ease  is  represented  by  the  next  figure. 

It  will  be  stH'U,  therefore,  that  the  conditions  of  the  possibility  of 
a  total  eelipse  of  the  Sun  are  the  following  : — 
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The  Moon  must  be  in  conjunction,  that  is,  she  must  be  new  j 

She  must  at  the  same  time  be  neiir  u  node  ; 

Lastly,  her  distance  from  the  Earth  must  be  less  than  the  length 
of  the  cone  of  shadow  pi-ojected  by  her  into  space, 

The  same  conditions,  except  the  last,  are  necessary  for  an 
annular  eclipse. 


FiK.  fW.— Total  EclipM  of  the  Sua  ;  Th^oiy. 

Those  who  are  accustomed  to  read  in  scientific  journals  or  in 
almanacs  the  announcements  of  eclipses,  which  are  calculated  long 
beforehand  by  astronomers,  must  often  have  noticed  these  words; 
invmble  at  London  (or  some  other  place).  An  eclipse  of  the  Sun, 
(we  shall  epeak  further  on  of  those  of  the  iloon)  may  then  take 


Fig,  67.— *  Annular  Eclipse  of  the  Sun  ;  Tlieoiy. 

place  without  being  visible  to  all  parts  of  the  Earth.  A  little 
thought  will  convince  ua  of  this,  and  make  it  emj  to  account  for  the 
circumstance. 

First,  it  is  evident  that  there  will  be  no  eclipse  at  those  places 
where  the  Sun  remains  in^-isible  during  its  entire  duration  ;  secondly, 
in  many  places  which  have  the  Sun  above  their  horii^on,  if  the  Moon's 
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shadow  18  not  large  enougli  to  cover  the  illuminate  surface,  there 
will  be  no  eclipse. 

But  the  Moon  has  a  diameter  nearly  four  times  less  than  that  of 
the  Earth.  Its  eone  of  shade,  therefore,  at  its  greatest,  is  much  too 
smidl  to  enshroud  the  whole  Earth  ;  and  near  the  extremities  of  this 
eone  its  dimensions  are  small  eiiongh  to  throw  on  the  surface  of  our 
globe  but  a  very  small  circle  ol'  shadow,  about  50  mQes  in  diameter. 
An  eclipse  of  the  Sun  is  then  only  total  at  the  same  instant,  in  a 
eirele  of  these  dimensions.     But  the  rotation  of  the  Earth  and  the 
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Ki«.  m.-'Tobft]  Eclipse  of  the  8an  oftlio  I  Sib  July,  1  stiO.    Path  of  the  ab»dow  and  psunrDbm 
on  tb^  sttrlkuw  of  tha  Biirth 

movement  of  translation  of  the  Moon  combined,  cause  the  eone  of 
shadow  to  travel  in  reality  over  a  very  large  surface,  tracing  a  dark 
curve  on  the  surface  of  the  continents  and  eeaa.* 


*  The  length  of  the  oono  of  shiide  projected  by  the  Moon  into  apace,  variea 
hetween  57  and  5Q  radii  of  the  Earth.  Ou  the  other  hand,  we  have  aeen  that 
the  distance  between  the  centres  of  the  Earth  and  the  Moon  also  vanes  between 
a7  and  fl4  terrestrial  iwlii.  From  the  ceatrt'  of  thi*  Mooq  to  the  nearest  point 
of  our  glohe  there  are  thcu  from  5f»  to  63  nf  tliesc  nwlii. 
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The  same  obfiervations  apply  to  the  pcniiinbro.  • 

Thuj^i  aoconling  to  the  position  ol'  pljiees  relatively  to  the  Sim 
and  to  the  Moon,  the  first  of  these  bodies  may  be  eclipsed  totally  or 
piirtially,  or  even  appear  only  in  simple  contact  with  tlio  obscm^o 
disk  of  our  Satellite. 

The  aHtronornical  theories  of  the  movements  of  the  Moon  and  of 
the  Earth  are  now  m  perfSfet,  that  astronomers  can  predict  these 
phenomena  with  the  most  wonderful  precision.  Not  only  does  the 
calcidation  indicate  the  day  of  the  eclipse  ;  bnt  the  exact  second,  the 
time,  the  dimensions  or  phases  of  the  phenomenon  for  every  spot  of 
the  Earth  are  given.  Maps  are  generally  added  to  these  nnmerical 
details,  and  show  those  parts  of  the  Earth  w  here  the  eclipse  will  be 
\isible. 

We  have  drawn  a  map  of  this  kind,  for  the  total  eclipse  which 
took  place  on  the  18th  of  July,  18(i0,  accordino^  to  the  indications  of 
the  *' Connaissanee  des  Temps  ^*  and  the  *' Nauticul  Almanackj'' — 
works  published  many  years  in  advance  for  the  benefit  of  astronomers 
and  navigators, 

A  curve  in  the  Ibnn  of  x  marks  the  points  of  the  globe  where  the 
eclipsi^  commenced  or  ended  at  snnriseor  sunset.  Another  line,  which 
cuts  the  first  in  two  parts,  passes  through  those  places  which  only 
saw  half  the  eclipse,  because  the  midfUe  of  it  coincided  at  those 
places,  either  with  the  rising  or  setting  of  the  Sun, 

One  line,  darker  tlutn  the  rest,  marks  the  line  in  which  the  eclipse 
was  total  and  central.  Parallel  to  this  line,  other  lines  which  are  not 
marked  on  the  diugi'am  woidd  indicate  the  regions  where  the  partial 
eclipse  was  visible  imder  smaller  and  Bnmller  phases,*  imtil  the  line  is 
reached  which  limits  the  phenomenon,  passing  through  all  the  places 
where  the  ad  ipse  is  reduced  to  the  simple  contact  of  the  disks  of 
the  Sun  and  Moon, 

Tlie  black  line  of  central  eclipse  is  in  reality  bnt  tbe  path  of  the 
shadow  tluowTi  by  the  M(x>n  on  the  surface  of  the  Earth,  as  the 
complete  figure  represents  the  path  of  the  penumbra  on  the  same 
suHuce. 

The  duration  of  an  eclipse  of  the  Sun  is  %"ariable.  But  we  must 
distinguish  carefully  between  the  total  duration  of  the  phenomenon 
on  the  whole  earth,  and  on  any  given  ])lace.  We  here  give,  accord- 
ing to  the  calculations  of  Dion  is  de  Sejoiir,  cited  by  Arago,  a  table 
sliowing  the  greatest  possible  duration  of  tbe  different  phases  : 

♦  Aatronomera  formerly  expressed  the  size  of  the  phases  bj  the  number  of 
digits,  a  digit  t>eing  the  twelfth  part  of  the  diameter  of  tbe  solar  disk.  Tlius,  if 
the  phase  waa  f^  digits  the  Mooi/a  limb  extended  tt5  the  centre  of  the  Snti, 
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A  total  eclipse  , 
Aiunial  phase  . 
Total  obscunty  . 


j  At  the  Equator ,    .     . 

"L  At  the  latitude  of  Paris 

f  At  the  Equator  ,  .  • 
*  \  At  the  latitude  of  Paris 

r  At  the  Ei|uator  .  .  . 
'  1    At  the  latitude  of  Paris 


The  total  eclipse  of  the  Sun,  of  wliieh  tlie  preceding  figTire  gives 
the  path  on  the  siiffaee  of  the  teiTcstrial  globe,  eomment!etl  at  0  hour 
3  minutes  v.M.,  Paris  mean  time,  and  ended  ut  5  hourn  6  minutes  p.m. 
after  having  lasted  in  the  whole  of  its  phases  5  hours  3  minutes^  At 
Paris,  where  the  €»elipse  was  only  partial,  the  duration  of  the  phe- 
nomenon was  only  2  hours  14  minutes. 

Total  eclipses  of  the  Sun  are  very  rare,  even  for  the  Earth  in 
general ;  they  lire  much  more  so  for  partieuhir  places.  From  the 
I6lh  until  the  beginning  of  the  19th  century,  there  were  altogether 
nine  total  eclipses  of  the  Smi,  and  seven  annular  ones.  Paris,  during 
all  the  18th  century,  oidy  witnessed  a  single  total  eclipse,  that  of 
1724,  London  also,  as  little  favoured  as  the  capital  of  France,  has 
not  seen  one  since  1715. 

Since  1801,  seven  total  eclipses  have  l>een  observed,  those  of  1806, 
1842,  1850,  1851,  185G,  18(>t>,  and  1861.  We  give  here  those  which 
will  take  place  before  the  end  of  the  present  century,  with  the  places 
where  they  will  be  total : 

1870.    22nd  December    Azores,  south  of  Spain,  oorth  of  Africa, 

Sicily,  and  Turkey. 
1887.    19th  August      .    North-east  of  Germany,  south  of  Russia, 

Central  Asia. 
1896.    9th  August   .     ,    Oreenlaud,  Siberia,  aud  Lapland, 
1900.     8th  Ufiy    .    .    .    Spain,  Algeria,  Egypt,  the  United  States. 

None  of  them  will  be  total  at  London. 

The  eclipses  of  the  Sun  aiul  >Ioon  no  longer  are  pri\41eged  to 
excite  fear,  at  least  among  civilised  nations.  Instead  of  a  super- 
stititnis  terror,  they  inspire  an  intei'est  of  curiosity.  Announced 
a  long  time  beforehand,  they  testify  to  the  pref;ision  of  astronomical 
calculations  ;  and  all  are  getting  accustomed  by  degrees  to  admire  the 
fixed  laws,  order  and  harmony,  where  formerly  ignorance  supposed 
but  accidents,  precursors  of  evil,  and  testimonies  of  the  celestial  anger. 

As  to  the  astronomer,  he  finds  in  them  matter  for  researches  of  the 
highest  importance.  Even  the  partial  eclipses,  the  least  interesting 
of  all,  give  him  occasion  to  verity  the  exactitude  of  his  tables,  by  the 
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agrecmeutj  or  otherwise,  between  the  hour  predicted  by  c^culation, 
and  the  hour  reiilly  obi^erveHL  But  it  m  the  total  eclipses,  espeeially 
the  last  ones ---those  of  1842.  1850,  1851,  1858,  1800,  ttnd  1861,— 
whieh  have  br^en  so  fertile  in  new  iind  precious  facts. 

We  propose  to  give  a  brief  destanption  of  these  facts,  besides 
phicing  under  the  eyes  of  the  reader,  in  riatea  XI,  aud  XII,,  draw- 
ino^s  which  represent  some  of  the  various  pheuomcna  observed. 
Let  us  foMow  the  ph€^nomenon  in  its  progressive  march. 
It  is  always  the  western  boi'der  of  the  Sun  which  first  receives 
the  impression  of  the  contact  of  the  Moon  ;  and  conseqneiitly  it  i« 
the  eastern  border  of  the  limar  disk  which  by  degrees  encroaches 
on  the  radiant  body,  until  it  covers  it  entirely.  The  eclipse  is 
nwcKHarily  partial,  therefore,  before  the  moment  when  the  last 
luminous  thread  dis^ippears.  The  total  obscuration,— the  totality,  as 
astronomers  call  it, —  then  commences.  At  the  end  of  some  minutes 
a  tiue  Iimiiiious  thread  appears  at  the  western  edge,  and  the  paiiial 
eclipse  passes,  in  inverse  order,  tlirough  the  same  phases  as  in  the  first 
part  of  the  phenomenon.  There  arc3  then,  in  all,  four  contacts  of  the 
two  disks— two  exteri*>r  contacts  and  two  interior  ones. 

Attempts  have  been  nmde  to  prove  by  the  form  of  the  horns  of  the 
luminous  crescent  the  existeni^e  of  a  lunar  atmosphere.  Most  ob- 
servers have  seen  nothing.  Nevertheless,  the  eclipse  of  the  18th  of 
July,  1860»  furnished  a  curious  fact  on  this  point:  one  of  the  homa 
of  the  solar  cresi'cnt  appeared  rounded  and  truncated.  At  the  other 
extremity  u  contraction  was  remarked,  which  was  follow cti  by  the 
separation  of  a  luminous  point,  and  of  a  truncation  identical  with  the 

first.  To  M,  Laussedat  we  owe 
the  communication  of  the  photo- 
graphic negative  obtained  by  him  : 
the  drawing  (fig.  69)  is  an  exact 
reproduction, 

[The  phenomenon  observed  would 
appear  to  be  somewhat  similar  to  the 
pecidiar  notched  ap]3earance  some- 
times    presented,    called     **  Baily^s 
Beads."     These,  however,  are  oon- 
fiidered  by  ilr.  De  La  Eue  to  arise 
from  atmospheric  distiu'bance.    This 
and  the  irregularity  of  the  Moon's 
limb  are,  doubtlen^s,  sufficient  to  accomit  for  the  singular  appearance.] 
Some  minutes  before  and  after,  but  especially  dm-ing  the  totality, 
a    luminous   appearance    in  the  form  of  a  halo  surrounds  the  Sun, 


Fii?.  00.  -Total  l-kMii^-io  ..[  tb<  Sun  of  M\e  U>l|j 
July,  ISM.  Roiiiuio'l  uij.;!  tnun-ated  form 
of  the  boi-ufl  of  the  Solar  Cresoeut.    (Xaim- 
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and  throws  in  every  direction  rays  of  light,  separated  by  dark  spaces. 
In  many  total  eclipses,  independently  of  the  regiJar  corona,  other 
light  portions,  the  rays  of  which  have  directions  more  or  less  eccen- 
tric, have  been  remarked  iiTegularly  situated  on  it«  contour,  Plate  XII 
shows  in  detail  the  coronas  of  several  total  eclipses.  The  colour  of 
the  corona  which  immediately  gurrounds  the  dark  disk  is  Bometimes 
of  a  pearly  or  silvery  white,  sometimes  yellowish,  and  even  red. 

The  explanation  generally  given  of  thia  corona  is,  that  it  indicates 
the  existence  of  a  solar  atmosphere,  enveloping  the  radiant  body  to 
an  cnormoua  distance. 

We  now  come  to  a  phenomenon  of  great  interest,  which  wa» 
noticL»d  for  the  first  time  in  the  total  eclipse  of  1842,  and  which  has 
since  been  the  object  of  important  and  minute  observations. 

Prominences  of  various  forms  and  of  a  reddit*h  colour  wem 
visible  throughout  the  contour  of  the  Moon's  limb,  during  the  pc^ii^d 
of  totality.  Some  took  the  form  of  mountain-pciiki^,  others  rose 
normally  from  the  disk  and  turned  at  right  angles,  others,  again, 
fipl>trared  completely  detached,  as  floating  clouds  might  do.  Their 
tint  waa  sometimes  of  a  bright  red,  sometimes  rosy,  here  and  there 
varied  by  greenish -blue.  Arago  regarded  the  latter  cohutr  aw  a 
simple  effect  of  contraat. 

It  has  now  been  proved,  beyond  nil  question,  that  these  protulie* 
ranees  belong  to  the  8nn.  If  we  examine  with  care  Plate  XI.  the 
two  drawings  which  we  reproduce  from  the  interesting  memoir  of 
Mr,  Warren  Be  La  Rue,  on  the  totiil  eclipse  of  the  8un  of  the  18th 
of  July,  IHtiO,  representing  these  remarkable  phenomena  at  tbe 
beginning  and  «t  the  end  of  the  totality,  this  fact  will  appear  evi- 
dent. 

[It  may  bo  further  added,  that  the  photographic  evidence  collected 
by  Mr.  Do  La  Itiio  in  bis  nnequalled  etibrte,  although  perfectly 
satisfactorif',  does  not  stand  alone ;  a  comparison  made  by  Father 
Secchi  and  Mr.  Be  I^a  Rue,  between  the  photographs  obtained  by 
both,  shows  that .  at  an  interv^al  of  seven  minutes  of  absolute  time, 
the  prominences  observed  at  the  two  stations  were  identical.] 

As  soon  as  tbe  last  luminous  thread  of  light  disappcored  behind 
the  eastern  edge  of  the  Moon,  the  roae-colourcd  prominences  were 
seen  on  the  contour  of  the  limb,  where  the  eolar  crescent  had  just 
disappeared*  On  the  opposite  side — the  western  one — they  were  not 
yet  entirely  visible ;  their  tops  only  extended  beyond  the  obscure  disk, 
at  its  upper  and  lower  parts.  The  Moon,  advancing,  hid  by  degree.^ 
the  prominences  first  observed,  exposing  to  view,  at  the  opposite 
side,  those  previously  covered. 
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The  facts,  then,  occur  absolutely  a»  tic  lijqiothesis,  now  accepted 
on  all  huiids,  requires;  numelVi  thiit  the  promiuenees  do  not  belong 
to  the  lunin*  diNk,  and  are  not  optical  effects  caused  by  its  pre^^ncc, 
but  are  alisolutily  part  and  parcel  of  tlie  Sun. 

Tliey  were  first  suppoHcd  to  be  enomious  mountains  on  the 
surface  of  the  Sun,  But  the  fonn  of  many  of  the  proniincDces,  and 
their  occasional  complete  separation  from  the  solar  disk,  .^cMjn  caused 
this  hypothesifi  to  be  abandoned.  All  the  observed  factjs  load  to  the 
conclusiun  that  the«e  immense  appendages,  the  dimensions  of  which 
reach  2'jfiOO  and  even  50,000  miles,  iii  height*  and  length,  are 
possibly  clouds,  here  adherent  to  a  continuous  stratum,  which  re- 
I>ose8  on  the  Sun»  here  fltjatiiig  in  an  atmosphere  limited  by  the 
corona, 

[It  has  been  suggested  that  they  may  be  solar  aurorse.] 

The  intensity  of  ilm  ilhmi illation  of  the  atmosphere  naturally 
diTuiuislies  gradually  during  the  entire  duration  of  a  total  eclipse, 
from  its  commencement  until  the  l>eginning  of  the  totality,  to  again 
OS  gradually  recover  its  primitive  intensity.  This  obscurity,  during 
the  phase  of  totality,  is,  however,  very  far  from  being  complete. 
Thus  only  the  brightest  stars,  and  some  of  those  of  the  sc^cond  mag- 
nitude, are  seen.  The  planets  Yenus  and  Mercury,  Jupiter,  Mars, 
and  Saturn,  however,  have  been  likewise  observed. 

Terrestrial  objtH.-ts  take  by  degrees  a  livid  hue ;  they  are  coloured 
with  various  tints,  among  which  olive-green  predominates*  Orange, 
yellow,  vinous-red,  and  copper  tints,  give  to  the  landscape  a  sin- 
gular api>earance,  which,  joined  to  a  ver^^  perceptible  lowering  tjf 
temperature,  contributes  to  produce  a  profound  impression  on  all 
iinimated  beings. 

Arago  thus  describes  the  attitude  of  an  entire  population,  awe- 
impressed  by  the  magnificent  and  solemn  s|Kx;tacle  offered  by  the 
total  eclipse  of  the  Sth  of  July,  1842. 

"At  Perpignan,  people  dangerously  ill  alone  remained  in  their 
r(K)nis.  The  ix>puIation  from  early  morning  covered  the  terraces, 
the  ramparts  of  the  town,  and  the  hills  outside,  whence  they  hoped  to 
see  the  rising  of  the  Sun.  At  the  citadel,  we  had  under  our  eyes, 
besides  the  numerous  groups  of  citizens  on  the  g lucky  the  soldiers 
who  were  being  reviewed  in  the  vai^t  court. 

'*  The  hour  of  the  commencement  of  the  eclipse  approached. 
Nearly  twenty  thousand  pwple,  with  smoked  glasses  in   liand,   ex- 


♦  The  highest  prominence,  ia  the  form  nfApeak,  measured  by  Mr.  Warren 
Do  La  Rue  ia  IbGiX  was  4.">,c  tK»  tiiilcH  in  vertical  lieight  aliove  the  solar  surface. 
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ainiiKMl  the  radiant  globe,  projected  on  an  azure  sky.  Scarcely, 
armed  with  our  powerful  telescopes^  had  w^e  begun  to  perceive  a  little 
encroachment  on  the  western  border  of  the  8iin,  when  an  iimnenso 
shout,  mixed  with  a  thousand  different  exclamations,  told  us  that  we 
had  anticipated  only  by  a  few  seconds  the  observations  made  witli 
the  nuked  eye  by  twx'Oty  thoumnd  improviaed  ofitronomers.  A  lively 
eurioaity,  an  emulation,  a  desire  not  to  be  beaten,  seemetl  to  have  gi\'eii 
to  the  unarmed  sight  an  extraordinary  penetration* 

*'  Between  this  moment  and  that  wiiieh  preceded  the  totality,  we 
remarked  nothing  in  the  behaviour  of  the  spectators  w^hich  deserves 
relating*  But,  w^hen  the  Sun,  reduced  to  a  nairow  thread,  began  to 
throw  on  our  horizon  but  very  feeble  light,  a  sort  of  inquietude 
seized  upon  every  one ;  each  felt  the  desire  to  communicate  his  im- 
pressions to  those  by  w^hom  he  was  surrounded.  Hence,  a  dull  ronr 
like  thtit  of  the  distant  eea  after  a  tempest.  The  uproar  became 
stronger  in  proportion  aa  the  8<.)lar  crescent  became  thinner.  The 
crescent  disappeared ;  at  last,  darkness  suddenly  succeeded  to  light, 
and  an  absolute  silence  marked  this  phase  of  the  eclipse,  as  absolutely 
as  the  pendulum  of  our  astronomical  clock.  The  phenomenon,  in  its 
magniticence,  triumphed  over  the  petuknce  of  youtlu  the  careless 
air  which  some  men  take  for  a  sign  of  superiority,  and  over  the  noisy 
indifiercncc  ordinarily  assumed  by  soldiers-  A  profoimd  cahn  also 
reigned  in  the  air  ;  the  birds  eeajsed  to  sing. 

**  After  a  solemn  waiting  of  about  two  minutes,  transports  of  joy — 
fi^nzied  plaudits  greetc^d,  with  the  same  accord,  the  same  spontaneity*, 
the  reappearance  of  the  first  solar  rays.  .  .  ."• 

Animals  testify,  by  unmistakable  signs  and  movements,  the  effect 
which  ecbpsc- phenomena  produce  upon  them.  Vegetation  even  is 
not  altogether  una  fleeted.  In  1842,  the  leaves  of  certain  plants  were 
shut.  During  the  eclipse  of  July,  1860,  M,  Laussedat,  who  observed 
it  in  Algeria,  relates  this  fact ;— '*  The  plants  showed  how  rapid  is 
the  action  of  light,  w*hieh  they  receive  as  by  a  kind  of  difluscHl  sense 
in  their  corollas,  for,  in  spite  of  the  short  duration  of  the  totality, 
daturas,  convolvuli,  poppies,  and  night-shades,  which  had  been  closely 
shut,  were  observed  to  h all' open  during  the  total  eclipse.*^ 

The  observations  made  during  totid  eclipses  of  the  Sun  are  verj'' 
important  and  interesting  from  a  physical  and  astronomical  point  of 
view,  but  so  numerous  that  they  w^ould  till  volimies.  We  shall 
confine  ourselves,  therefore,  to  sajdng  one  w*ord  more  on  the  phe- 
nomenon of  the  fringes  of  the  waves,  alternately  light  and  dark, 


"  Anuuaire  du  Bureau  des  Longitudes,"  1846,  pp.  303-^5. 
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which  sweep  over  the  Earth,  in  a  direction  perpendicular  to  their 
length,  and  the  direction  of  which,  when  carefully  measured,  has  been 
found  to  be  parallel  to  the  tangent  at  the  first  point  of  interior  contaqt. 
These  fringes  are  referred  by  M.  Faye,*  to  an  effect  of  obUquemirage» 
produced  by  a  difference  of  density  in  the  atmospheric  strata  which 
compose  the  cone  of  the  umbra. 

[It  is  to  be  hoped  that  the  founous  *'  Himalaya  "  expedition  to  Spain 
in  1860,  to  watch  the  eclipse  which  occurred  in  that  year,  will  on 
all  future  similar  occasions  be  drawn  into  a  precedent.  Mr.  Warren 
De  La  Rue's  Memoir,  published  in  the  "  Philosophical  Transactions," 
containing  a  complete  account  of  the  results  of  all  his  observations, 
and  especially  of  his  photographic  ones,  is  at  present  the  most  valuable 
contribution  to  this  branch  of  our  subject  possessed  by  astronomers. 
We  would  gladly,  if  space  permitted,  make  large  extracts  from  it] 

*  This  interesting  phenomenon  was  observed  with  minute  care  by  MM.  Laus- 
sedat  and  Mannheim,  members  of  the  commission  sent  by  the  Polytechnic  School 
to  Batna  (Algeria),  in  July,  1860.  They  furnish  us  with  the  first  exact  measures 
of  the  direction  and  rapidity  of  these  phenomena.  The  following  year  (during 
the  eclipse  of  1861)  a  French  officer,  M.  Foulain,  repeated  the  measures,  according 
to  the  indications  of  M.  Mannheim.  The  Monthly  Notices  of  the  Royal  Astrorw 
mical  Society  of  London,  mentioning  in  1862  this  last  observation,  have  omitted 
(we  know  not  why)  to  refer  to  the  original  observation  published  in  detail  in 
the  Comptes  Rendus  de  V  Academic  dee  Sciences  de  Paris,  and  in  the  Annates  de 
Physique  et  de  ChimiCy  in  the  year  1860. 
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ECLIPSES  OF  THE  MOON. 


Conditions  of  Poaaibility  and  Visibility  of  Eclipses  of  the  Moon  —  Partial  and 
Total  Eclipses — Colour  of  the  Lunar  Disk  during  the  Phasas  of  a  Total 
Eclipse — Peritxiicity  and  Calculation  of  Eclipses — OccultatiouB  of  th©  Fixed 
Stars  and  Planets. 


Like  the  eclipses  of  the  Sun,  those  of  the  Moon  may  be  either  paji:itil 
or  total  J  but  they  are  never  annular,  the  Earth's  cone  of  shade  being 
always,  at  the  greatest  distances  of  our  satellite  from  us,  much  mor^ 
considerable  than  the  lunar  disk  itself. 

A  fundamental  distinction,  however,  between  the  two  phenomena 
is,  that,  while  an  eclipse  of  the  Sun  is  visible  in  a  part  only  of  that 
terrestrial  hemisphere  which  has  that  body  above  the  horizon^  an 
ellipse  of  the  Moon  is  visible  from  every  part  of  the  Earth  ivhere 
she  has  not  set.  This  is  not  all :  it  is  only  successively  that  an  ecbpse 
of  the  Sun  is  obscrv^ed  at  different  stations,  in  proportion  as  the 
lunhra  and  penumbra  of  the  Moon  travei^e  the  surface  of  our  globe, 
but,  on  the  contrary,  the  obscuration  of  the  lunar  disk  begins  and 
terminates  everj^ where,  not  at  the  same  hour,  because  the  hour 
varies  according  to  the  longitude  of  the  place  of  observation,  but 
at  the  same  physical  instant. 

The  retider  has  already  understood  the  reason  of  this  essential 
diflerence.  In  the  solar  eclipse^  the  surface  of  the  radiant  body 
is  not  rcMilly  darkened,  but  only  hidden  by  the  obscure  disk  of.  the 
Moon,  60  that  the  interposition  is  an  eflect  of  perspective,  varying 
according  to  the  respective  positions  of  the  observer,  of  the  Moon 
and  of  the  Sun.  The  lunar  eclipse  is,  on  the  contrary,  produced  by 
a  real  fading  of  the  Moon*s  light,  and  the  darkness  consequent  upon 
it  is  observed  at  the  same  instant  everywhere  where  the  Moon  is 
in  view. 


184 


THE  SOLAR  SYSTEM, 


Tlie  two  diagrams^  figs.  70,  71,  show  under  what  conditions  an 
eclipse  of  the  Mmm  is  partial  or  totaL  When  the  Mooo,  in  opposi- 
tion, traverses  the  cone  of  shadow  thrown  by  the  Earth,  at  its 
thickest  part,  the  eclipse  is  total  ajid  central,  and  it^  duration  the 
greatest  possible.  The  eclipse  may,  however,  be  still  tot^il,  with- 
out being  central,  wlien  the  orbit  of  the  Moon  traverses  a  sufficient 
breadth  of  the  cone.  But  if  the  Moon's  node  is  too  far  from  the 
centre  of  the  cone,  its  disk,  penetrating  the  umbra  only  in  part,  will 
tHily  be  incompletely  darkened — the  eclipse  wUl  be  partial. 

At  the  comnienceraent  of  a  total  eclipse  of  the  Moon,  there  is 


Ffg.  70.— P*itb  of  tho  Moon  in  tho  Eitrth*i»  ccjno  of  slijide.    Total  Eclipw. 


first  notict*d  a  marked  diminution  of  the  brightness  of  the  disk,  this 
IS  due  to  the  Mnon*s  entering  the  penumbra.  Then,  suddenly, 
a  small  patch  of  darkness  is  seen,  which  by  degrees  invades  the 
UiTninouR  partes  of  the  disk^  but  the  outhiie  of  the  portion  thua  eaten 
out  is  tar  from  being  as  sharp  as  that  observed  in  solar  eclipses. 
The  form  is  circular,  but  the  curvature  is  less  decided,  a  fact  easily 
imagined,  and  confinncd  by  calculation,  the  diameter  of  the  Earth's 
shadow  being  nearly  three  times  as  gre^t  as  that  of  the  Moon 
itself* 

*  The  TiKMn  (liatooter  of  tho  Earth's  ahmlow  at  the  diatoace  at  which  Echpscs 
occur,  is  about  82',  wliilat  the  hiuar  iliatnetcr  is  only  31'. 
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The  colour  of  the  shadow  is  at  first  a  greyish  bkck,  which  per- 
mits us  to  see  nothing  of  the  part  eclipsed ;  but,  as  the  shadow  gaiiu^ 
on  the  lunar  disk,  a  reddish  tint  makes  its  uppearaiiee,  and  the 
details  of  the  principal  spots  become  visible.  Between  the  lummouH 
orescent  and  the  ruddy  centre  of  the  shadow  is  observed  a  baud  of 
greyish  blue,  shown  in  Plate  XI IL 

From  the  time  of  totality  the  red  becomes  more  intense,  and  is 
soon  spread  over  the  whole  of  the  disk.  According  to  Beer  and 
Miidler  the  bluish  tint  is  of  a  dark  grey  when  compared  with  that 
pirt  of  tho  Moon  illuminated  by  the  Sun ;  it  seems  blue,  and  clearer 
than  the  red,  if  compared  with  the  latter* 


Fig  71.— Path  of  the  Moon  In  tlio  Eart1i*»  cone  of  ^hoflo.    Piirtial  Etiiywie* 

Some  minutes  before  the  reappearance  of  the  light  on  the  opposite 
side  of  the  disk,  the  bluish  tint  slightly  colours  that  side  also,  and 
the  phases  of  the  eclipse  are  reproduced  in  an  inverse  order,  until 
the  entire  emersion  of  the  Moon. 

The  Moon,  therefore,  does  not  always  completely  disappear  in 
total  eclipses.  The  cause  of  this  fact  lies  in  the  refraction  of  the 
solar  rays  in  traversing  the  lower  strata  of  the  Earth^s  atmosphere ; 
they  are  diverted,  and  purple  our  Ittuon  with  the  tints  of  sunset. 

It  sometimes  happens,  however,  that  the  Moon  becomes  quite 
invisible  dm-ing  a  total  eclipse  ;  as  examples  of  this  w^e  may  quot<* 
the   eclipses   of  1642  and    1816.     At   other   times,   the  visibility, 
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without  being  absolutely  nil,  is  very  indistinct ;  we  find  the  ex- 
]}hination  of  these  circumstances  in  the  state  of  our  atmosphere 
at  the  time  on  the  periphery  ol  *>ui*  Earth  whieh  compriftes  the  pkcea 
where  the  Sun  is  rising  and  setting  at  the  nionient  of  the  eclipse. 

Another  phenomenon,  which  happens^  however,  very  rarely,  ap- 
pears eon  tnidictory  to  the  geometric  and  astronomical  theory  of  eclipses. 
We  refer  to  the  sinuiltaneons  presence  of  the  Sun  and  Moon  during 
the  phenomenon.  The  first  of  these  bodies  setting  at  the  moment 
when  the  other  rises,  it  would  seem  that  the  Mckui,  the  Earth, 
and  the  Sim,  are  no  longer  in  a  straight  line.  This  appearance 
again  is  owing  to  refraction.  The  Sun,  actually  already  below  the 
horizon,  is  rnisLHl  up  by  refraction,  and  remains  ^asible  to  us.  The 
same  thing  happens  to  the  Moon,  which  is  not  yet  really  risen, 
although  we  see  it.  The  eclipses  of  1666,  1668,  and  the  19 th  of 
July,  1750,  may  be  quoted  as  ha\^ig  presented  Jhis  singular  cir- 
cumstance. 

We  must  now  bring  our  notices  of  eclipses  to  a  conclusion,  by 
saying  a  word  on  their  periodicitj% 

About  every  eighteen  years,  the  Earth,  Moon,  and  Sun,  again 
occupy  the  same  relative  pa^sitions.  This  is  a  fact  which  the 
ancients  prove<l  by  observation  long  before  the  theory  of  the  celestial 
movements  had  demonstrated  its  near  approach  to  the  truth.  If, 
then,  we  start  from  the  epoch  of  an  eclipBC  of  the  Sun  or  Sloon, 
that  is  to  say,  from  a  lunar  opposition  or  conjunction  coinciding 
with  one  of  the  nodes  of  the  Moon,  after  eighteen  years  the  three 
bodies  will  again  be  found  in  a  situation  nearly  identical-  Hence, 
the  eclipses  which  succeed  one  another  in  the  first  period  follow 
again  and  in  the  same  order  during  the  second  period. 

This  is  the  principal  j>oint  of  dei>artm'e  in  the  calculation  of 
eclipses ;  but  the  approximation  is  too  rough  for  modem  astronomers 
to  content  themselves  with,  and  nowadays  eclipses  are  foretold  for 
many  years  in  advance*  true  to  a  second  of  time. 

The  Moon,  in  traversing  it^  orbit  round  the  Earth  produces 
again  another  kind  of  eclipse,  to  'p^hich  the  name  of  occultaiion  has 
been  given. 

We  say  that  a  planet  or  a  star  is  occuUed  when  it  parses  behind 
the  lunar  disk.  We  have  spoken  of  these  phenomena  with  reference 
to  the  question  of  the  existence  of  an  atmosphere  on  the  surface 
of  the  Moon. 

Let  us  add  that  the  occultations  of  stars  are  calculate  like 
eclipses,  and  thot,  as  they  are  frequent,  they  hwvQ  been  made  of 
use  to  our  na\igators.     The  Moon  being  very  ne^ir  the  Earth,  com- 
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pared  with  the  distance  of  the  stars  and  even  of  the  planets,  it 
follows  that  two  observers,  placed  in  two  difiFerent  parts  of  the  globe, 
do  not  see  it-  projected  at  the  same  instant  on  the  same  part  of  the 
heavens.  The  occultation  of  a  star,  therefore,  does  not  take  place 
to  them  at  the  same  instant  of  time.  ^ 

The  starry  heavens  resemble,  from  this  point  of  view,  an  universal 
dial,  of  which  the  Moon  is  the  minute  hand,  marking  the  time  at 
once  in  all  parts  of  the  Earth.  Thanks  to  the  tables  calculated  by 
astronomers,  these  various  hours  can  be  converted  the  one  into  the 
other,  and  the  traveller  in  the  desert,  as  well  as  he  who  traverses 
the  ocean,  is  thus  enabled  to  arrive  at  his  position  and  to  determine 
his  route. 
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Sliooting  or  Falling  Stars — ■' Star-showcra"— Their  Numbers — R^uliant  Poiuts 
—  Position,  Form,  and  Tiicliiintkmof  the  Meteoric  Rings — Heights,  Velocities, 
and  Weights  of  iSliooting  Star* — Luniinoiia  licteora  (Bolides),  their  Teloscopic 
A|>pcaraiice — ^  Meteorites;  Professor  Maskelyne's  ClaHaification  ;  Mr,  Sorby'a 
Microacopic  Examination  of  them,  and  its  results — Remarkable  Meteorites. 


Every  one  is  familiar  with,  shooting  or  falling  stars.  "We  have 
all  Been  theii'  Itiminous  trains  furrowing  the  heavens  during  the 
night,    like  so  many  brilliant  points  suddenly  detached  from  the 

celeHhVd  vault.  Are  those  appcarancoa,  now  rare  and  isolated,  miw 
numerous  and  periodieal,  due  to  meteors  of  atmospheric  origin,  or 
must  they  be  considered  as  manifei^ting  the  existence  of  bodies 
situated  in  the  extra-terrestrial  regions  ?  The  place  which  our  de- 
scription of  these  phenomena  of  the  solar  system  oecupies  shows 
pretty  clearly  that  it  h  to  this  la^t  conelusion  that  science  has 
definitely  come. 

The  nmnber  of  shooting  stars  is  very  variable  according  to  the 
time  of  the  year ;  hence,  the  distinction  between  Hpomdiv  meteors 
and  the  shoicers  of  shooting  stars  which  appenr  in  the  nocturnal  sky 
in  large  numbers,  and  generally  periodictillj^.  During  ordinary 
nights,  tlie  nwim  nnmljcr  of  shooting  stars  observed  in  an  interval  of 
an  hour  is  from  four  to  five,  according  to  some  observers ;  it  is  as 
high  as  eight  according  to  others.* 

liut  at  two  per  it  ids  of  the  year,  about  the  10  th  of  August  and 
the  Iltb  of  November,  these  phenomena  are  much  more  numerous, 
and  the  number  of  sliooting  stars  observed  in  one  hour  is  often 
more  than  tenfold  that  seen  on  ordinary  nights.  Let  us  quote,  for 
the  month  of  Angu-^t,  the  observations  of  Capocci  and  Nobile,  who, 

♦  This  hourlj  mean  is  from  five  to  sixj  according  to  Olbers ;  from  four  to 
five,  according  to  Dr.  J.  Schmidt ;  five  to  seven  is  given  by  M.  Coalvier-Gravier, 
and  Saigey  ;  aud,  lastly,  eight  by  M.  Qu6telet. 
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in  four  hours,  countefl  at  Naples  1000  shooting  stars  {1 0th  of  August, 
18*51)),  and  those  of  JL  Walferdiii*  who  in  an  hour  observed  31G 
{at  Bourboime-les-liains.  in  the  night  of  the  Hth-Oth  of  August, 
1836)*  It  is  to  this  phenomenon  that  jiopular  tradition  formerly 
gave  the  name  of  **  8t.  LawreTi€e*8  tearn.*'  The  luminous  trainn 
being  nothing  el»e,  to  the  itftfve  popuhitions  of  Catholic  Ireland, 
than  the  hurning  tears  of  the  martyr,  whose  feast  falls  on  the  ItKb 
of  August. 

The  mouth  of  November  has  furnished  still  more  extraordinary 
facts,  and  the  appearances  of  the  12th  of  Novemlier,  1709,  jnid  of 
the  night  of  the  12 th- 13th  November,  1833,  are  well  worthy  of 
mention.  Humboldt  and  Bonpland,  who  were  at  Cumana  on  the  first 
of  tliei^ic  dates,  relate  that  between  the  hoiu*H  of  two  and  live  in  the 
morning,  the  sky  was  covered  with  innuuierable  luminous  troins, 
wliieh  incessantly  traversed  the  celestial  vault  from  north  to  south, 
presenting  the  appearance  of  fireworks  let  off  at  an  enormous  height  ; 
large  meteors,  having  sometimes  an  apparent  diameter  of  one  and 
a  half  times  that  of  the  Moon,  Idending  their  trains  with  the  long, 
luminous,  and  phosphorescent  paths  ot  the  shooting  stars.  In  Brazil, 
Labrador,  Greenland,  Germany,  and  French  Guyana,  the  same  phe- 
nomena were  observed. 

The  showers  of  the  r2t]i-13th  of  November,  1833,  were  not  less 
extraordinary,  "  The  meteors  were  observed,''  soya  Arago,  *  **  along 
the  eastern  coast  of  America,  from  the  Gulf  of  Mexico  as  far  as 
Halifax y  from  nine  o'chx-k  in  the  evening  till  .sunrifio,  and  even,  in 
some  places,  in  full  day,  at  eight  o'clock  in  the  morning.  They  were 
80  numerous,  and  were  visible  in  so  numy  regions  of  the  sky  at  once, 
that  in  trying  to  count  them,  one  could  only  hope  to  arrive  at  a 
very  rough  approximation.  An  observer  (rUmstcd)  at  Boston  com- 
pared them  at  the  moment  of  maximum  to  half  the  number  of  flakes 
which  are  seen  in  the  air  during  an  ordinary  fall  of  snow.  When 
the  brilliancy  of  the  display  was  considerably  reduced,  he  counted 
650  in  15  minutes,  though  he  confined  his  observations  to  a  zone 
whifh  was  not  a  tenth  of  the  visible  horizon.  According  to  him,  this 
number  was  but  two- thirds  of  the  total ;  thus  he  estimates  the  numlxT 
at  H(}ii\  and  in  all  the  visible  hemisphere,  8660.  This  last  value  would 
give  during  each  hour  34,640  shooting  stars.  Now,  the  phenomenon 
lasted  nujre  thiui  seven  hours,  and  therefore  the  number  seen  at 
Boston  exceeded  240,000 ;  and  yet  it  must  not  be  forgotten,  that 
the  bases  of  this  calculation  were  obtained  at  a  moment  when  the 
display  was  already  notably  on  the  decline." 

*  "  ABtroaomic  Populuire,^'  vol.  iv.  p.  310. 
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[Mr.  Newton,  an  American  astroiiomt*!',  wko  lias  given  much 
attention  to  tliis  subject,  finds  tliut  the  average  number  of  meteorg 
which  ti^avcr^o  the  atmosphere  daily^  and  which  are  large  enough  to 
he  visible  to  the  naked  eye  on  a  dark  clear  night,  is  no  less  than 
7,500,000 ;  and  applying  the  same  reasoning  to  telescopic  meteors, 
their  niimhers  will  have  to  be  inereasc*d  to  400,000,000  !  If  allow- 
ance be  made  for  the  space  occupied  by  the  Earth's  utnio&phere,  we 
find,  that,  in  tho  mean,  in  eaeli  volume  as  large  as  the  Earthy  ol' 
the  Bpace  which  the  Earth  traverses  in  its  orbit  about  the  Sun, 
there  are  as  manv  as  13,000  small  bodies,  each  body  such  as  would 
furnish  a  shooting  star  visible  under  favourable  circumstances  to  the 
naked  eye.  If  telescopic  meteors  be  counted,  this  number  should  be 
increased  at  least  fort^^-ibld,] 

Several  less  imix)rtant  periods  have  been  recognised  at  other 
times  of  the  year,  hut  they  have  not  the  same  regularity  as  those 
of  August  and  November. 

These  last-mentioned  periods  also  present  a  rise  and  fall  in  the 
hourly  number  of  shooting  stars  observed.  From  a  maximum  of  110 
stars,  in  August  1848,  the  number  was  reduced  to  40  in  1858,  and 
since  then  the  numbers  in  the  same  month  have  regained  their  upward 
march.  Tho  November  shower,  of  old  so  remarkable,  is  now  re- 
duced to  the  point  of  being  less  remarkable  than  that  observed  at 
night  towards  the  end  of  October.  Since  1862,  however,  I  his  shower 
is  again  increasing  in  numbers. 

Most  frequently  the  paths  described  by  shooting  stars  have  the 
appearance  of  straight  lines.  The  luminous  trains  left  in  the  heavens 
by  their  rapid  movement,  enable  us  eix»i\y  to  verify  this  fact,  But 
there  are  exceptions,  and  stars  of  this  kind  have  been  seen  to  describe 
before  disappearing,  strangely  curved  paths. 

[Some  interesting  conclusions  on  the  causes  of  these  variations 
and  of  their  meteorological  teachings  have  recently  been  published 
by  a  French  observer.] 

Their  brilliancy  is  also  very  variable:  some  have  surpassed  in 
apparent  size  the  most  brilliant  fixed  stars,  and  even  Venus  and 
Jupiter.     The  colour  hkewise  varies. 

On  observing  a  given  number  of  shooting  stars,  it  has  been  found 
that  about  two-thirds  are  white ;  while  yellow,  reddish-yellow;  and 
green,  characterise  the  remainder. 

We  now  come  to  a  fact  of  great  importance,  which  has  thrown 
much  light  on  the  origin  of  these  meteoric  showers,  and  revealed 
their  cosmical  nature.  In  observing  the  direction  of  the  trajectories 
on  the  celestial  vault,  it   has  been  noticed  that  the  greatest  nmnhcr 
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of  those  obaer?6d  at  any  one  time  are  emitted  from  the  same  part 
of  the  heiivens,  called  the  radiant  pointy  because  from  it  they  radiate 
in  all  directions. 

The  star  Mu  in  the  constellation  of  the  Lion  [fu  Iieonis),  is  the 
point  of  the  November  showers,  whilst  Gamma  in  Perseus  (7  Persei)* 
ia  the  radiant  point  of  the  stars  observ^ed  in  the  month  of  AuguBt. 
No  lees  than  56  radiant  points  have  been  shown  to  exist  in  different 
ftsons  of  the  year, 
we  must  infer  from  these  facts,  that  shooting  stars  are  luminous 
bodies,  the  movement  of  which  is  independent  of  the  rotation  of  the 
Earth,  and  that  they  are  external  to  our  atmosphere.     This  conclu- 
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Fig.  72.— Rntliaut  f^ul  af  Sbootinfr  StwB.    R  A.  JM',  N.  DccL  Sr, 
RadiUit  Point  of  Meteors  otwcncft  »t  nawkhurvt,  Nov,  28,   (Mr.  Ale»;mdcr  Hemchet  ) 

sion  IS  Singularly  corroborated  by  this  other  fact,  that  the  radiant 
points  in  the  Lion  and  Persetis  are  precisely  those  towards  which 
our  globe  is  travelling,  in  its  annual  movement  round  the  Sun,  at  the 
two  opoc!hs  of  November  and  Aui^^ust. 

AstVonomers  have  therefore  concluded,  that  the  appearance  of 
shooting  stars  is  caused  by  the  Earth's  passage  through  rings  com- 
posed of  myriads  of  these  bodies  circuhitin^,  like  the  hirger  planets, 
round  the  Sim,  and  the  parallel  movements  of  which  seen  from  the 
Earth  seem  to  radiate  towards  that  pjirt  of  the  heavens  approached 
by  our  Eorth.  The  uppoarance  requirtnl  liy  this  theory  is  exactly 
that  which  is  preseni  td  to  us. 

At  first   it  was  a  question,  whether  there  existed  one  ring,  the 
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various  regions  of  which,  i^metimeis  richer,  sonietimci?*  poorer  in 
cosniical  matter,  rould  js:i\'e  rif*e  to  the  varying  plipnoinena  observed. 
Or  whether  we  should  udinit  the  cxiwleuce  of  many  sepurate  rings, 
8uc<.!ceaively  traversed  by  tho  Earth. 

It  will  be  seen  in  fig.  7^i  liowthe  periorlical  appearance.^  of  August 
and  November  can  be  explainLxl  on  the  h\^jthciii8  of  a  single  ring. 
We  may  suppose  that  the  phme  of  the  meteoric  ring  coincides  ex- 
actly, or  nearly  so,  with  that  of  the  eclipt  ic,  and  that  the  orbit  of  tho 
nietc<jrs  is  a  more  elongated  curve,  or  one  of  greater  excentricity, 
than  the  terrestriul  orbit,  A  single  inspection  of  the  figure  will  show 
that  the  Earth  should  encoimter  a  larger  number  of  meteors,  in 
travelling  from  its  aphelion  in  July  to  its  perihelion  at  the  end  of 
DecemhiT,  t  ban  in  tlie  opjmsite  periiKl  of  its  revolution. 

Now,  if  we  suppose  two  rings  inclined  at  different  angles  to 
the  plane  of  the  ecliptic,  and  cutting  this  plane,  one  in  August  and 
ill  February,  the  other  in  May  and  November,  we  can  aL»o  account 
both  for  the  two  maxima  and  minima  of  the  year. 

[It  is  now  generally  held,  that  these  little  bodies  w^iieb  we  are 
now  weighing  and  numbering  are  not  scattered  uniformly  in  the 
planetary  spaces,  or  collected  into  either  one  or  two  nngs,  but  are 
culltH'ted  into  several  rings — ^ tangible  orbits — round  the  Sun,  and 
that  when  our  Earth  in  its  orbit  breaks  through  one  of  the  rings, 
or  piissea  near  it,  its  attraction  overjiowers  that  of  the  Sun  ;  and 
causes  them  to  impinge  on  our  atmosphere,  when,  their  motion  being 
arre8t<>d  and  converted  into  heat  and  light,  they  become  visible 
to  us  as  meteors,  fireballs,  or  shooting  stars,  according  to  their 
she. 

Thus,  it  is  now  considered  that  we  have  one  ring  which  furnishes 
us  with  the  August  met<>ors,  and  another  through  which  we  pass 
in  November.  We  know  tluit  tho  position  of  these  rings  in  space 
is  very  different,  for  while  the  November  one  lies  almost  in  the  same 
plane  as  that  in  which  the  Earth's  atniual  course  is  pcrtbrme<l,  that 
of  the  August  shooting  stars  is  considerably  inclined  to  it,  and  its 
nodes  are  situuted  at  the  extremities  of  its  major  axis.  There  arc 
also  other  points  of  difference  ;  for  w^hile  the  nodes  of  the  August 
ring  are  stationary,  those  of  the  November  one  have  a  direct  proper 
motion,  A  French  physicist,  who  has  in  the  most  crucial  manner 
examined  the  temperature  of  the  months  of  August  and  November 
since  1806,  has  detected  the  fact,  that  in  both  the  months  there  is 
an  increase  of  temperature  about  the  period  of  the  star-showT^rs,  and 
u  decrease  of  temperature  in  February  and  May,  ?>.,  in  the  mid 
interval  between  these  annual  showers  in  both  months^    and  this 
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he   does   not  hesitate  to  ascribe  to  the  mfluence  of  these  meteoric 
rings. 

The  existence  of  anomalies  in  the  tempemtnre  of  these  four 
months  has  long  puzzled  meteorologists,  and  various  causes  have 
been  assigned,  but  the  curves  which  M,  Deville  has  prepared  enable 
him  to  iiffirm  that  the  temperature,  which  each  diiy  of  those  months 
should  possess  by  virtue  of  the  Earth's  place  in  the  ecliptic*  is 
affected  by  a  certain  coefficient  depending  upon  cosniical  causes. 
To  explain  this,  he  reproduces  the  theory  of  Erman,  that  the  lower- 
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Fig.  T:i. — Ring  of  uieteork.al  bodica  circuliitJnisf  ruuti'J  llm  Hxm. 

mg  of  the  temperature  in  Febniary  and  May  is  caused  by  the 
interjjosition  of  the  meteoric  rings  between  us  and  the  Sun  ;  and  that 
the  increase  of  temperature  in  August  and  November  is  caused  by 
their  preventing  the  radiation  of  heat  from  our  globe,  and  possibly 
by  radiating  towards  us  pai1  of  the  heat  they  themselves  receive.] 

The  heights  of  a  great  number  of  shooting  stars  at  the  moment 
of  their  iippearunco  and  disappearances,  have  been  determined. 

**  Shooting  stars,**  says  HumlKjldt,*  **  descend  nearly  to  the  sum- 
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iiiit«  of  Chimboni^o  and  of  Aconcagua,  at  8750  yards  above  tlie  level 
of  tbe  sea," 

[Much  attention  has  lately  been  givtai  in  England,  America,  and 
Italy,  to  this  subject.  Mr."  Herschel,  who  is  to  England  what  Mr. 
Newton  is  to  America,  ha«  recently  collated  the  obsen*ationH  luider- 
taken  to  determine  the  heights  of  meteors.  It  appears  that  the  heights 
of  shooting  stars  at  Rome  are  sensibly  the  same  as  in  those  latitudes 
of  Northern  Europe  and  America  where  they  have  chiefly  been 
observed  ;  and  this  height,  as  detenuined  from  the  most  trust  wort  by 
observations  since  1798,  may  lie  stated  to  be  respectively  73  and 
52  miles,  at  first  appearance  and  disappearance  above  the  surface 
of  the  Earth,  with   a  probable  error  of  not  more  tkfnt   ftro  or  three 

The  height  of  a  shooting  star,  at  the  two  extremities  of  its  path, 
and  the  time  of  its  flight,  are  elements  which  enable  us  to  detemiine 
the  mean  velocity  of  the  body.  This  velocit}^  often  exceeds  the 
velocity  of  the  translation  of  the  Earth,  which  is  nearly  18  miles 
a  secf»nd.  Meteors  have  been  observed  which  have  traversed  space 
with  the  ononnous  rapidity  of  4-i  miles,  and  others  50,  and  even 
100  miles  a  second ;  that  is,  from  two  to  five  tirne^  the  velocity  of 
the  Earth, 

[The  average  velocit  j'  of  shooting  stars,  however,  in  06  instances 
ribservcd  by  Mr,  Herschel,  is  Ji4'4,  or  in  round  numbers  35  miles 
per  second.] 

The  tremendous  velocity  with  which  these  meteors  traverse  the 
celestial  spaces  enables  us  readily  to  understand  their  incandescence 
when  they  enter  our  atmosphere  ;  composed  of  easily  inflammable 
matter,  like  some  sulphureous  metallic  combinations,  the  intensity 
of  the  friction  which  they  undergo  in  the  upper  strata  of  our  atmo- 
sphere residts  in  a  very  great  rise  of  temperature  sufficient  to 
produce  incandescence. 

\_Mi\  Herschel  has  roughly  estimated^  according  to  the  dynamical 
theory  of  heat,  the  weight  of  twenty  shooting  stars,  and  found  it 
to  be  on  an  average  a  little  more  than  two  ounces*  A  similar  estimate 
of  the  largest  meteor  observtKl  in  1863  gave  tw<»  hundredweight.] 

Diflerenees  of  chemical  com  position  and  of  degrees  of  incandescence 
also  account  for  the  diversity  of  colours  which  are  observed. 

In  the  immense  number  of  meteors  which  invade  the  regions  of 
the  air  in  a  year,  there  arc  some  perhaps  that  only  pass  through 
its  domain  and  continue  their  path  in  space,  after  after  having 
presented  us  with  the  spectacle  of  a  transient  iUumination.  A  great 
number,  on   the  other  hand,  not  only  do  not  again  leave  our  at- 
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mospbere,  Iwiii^  vuj^rorised  therein^  but,  when  ol'  large  size,  attani 
tlie  very  surface  of  the  Etirth.  Falls  of  stones,  femigiiiouN 
masses,  and  diis^t,  from  the  upper  ret^ont*  of  the  air,  are  proofs  uf 
this  assertion. 

From  shooting  stars  to  meteors,  or  holklen,  the  transition  in  our 
iisjrnitive  h  easy:  the  difference  between  these  two  orders  of  pheiin- 
HR^iia  is  not  very  strongly  nmrked. 

Bolides  are  luminous  bodies  of  circular,  or  rather  of  spbericuU 
form,  and  of  sensible  ai>parent -diameter.  Like  sTiooting  stars,  tliey 
apjjeur  suddenly,  but  generally  they  move  more  slowly,  and  di«- 
appt^ur  after  »ome  seconds.  Their  light  is  ordinarily  less  x-ivid, 
liut  tlieir  much  more  ef»nsideruble  apparent  diinensioiis  are  suffieieiit 
to  compensate  thia  difierence  of  inten.sity.  The  illumination  of  the 
landscape  by  the  presence  of  a  meteor  sometimes  approaebes  that 
ijf  muonlight.       Most  of  tbem  leav**  lu'liiiid  a  luminous  train   Uko 


F%.  74<  AppsttlftlMo  of*  Uotoor  in  «  Toleaoopo*    (Schmidt. ) 

tlie  one  figured  in  Plate  XIV  ;  others  explode  with  violence,  and 
sometimes  the  explosion  is  acc^ompanied  with  repoHs  like  discharges 
of  artillery. 

The  appearance  of  meteors  is  more  rare  than  that  of  shooting 
stars,  the  total  niunber  of  observations  recorded  amomiting  at  most 
to  a  thousand,  reckoning  those  reeorded  by  tlie  ancients, 

A  curious  eircumstance,  and  one  which  helps  to  prove  the  relation- 
ship between  the  shooting  stars  and  meteors,  is  the  fact  that  the 
appearances  of  meteors  arc  more  frcn^uent  in  August  and  November 
tliiui  at  other  epochs  of  the  year  ;  and  the  total  number  from  July 
to  liecember  exceeds  abo  that  obst^n^td  from  December  to  July, 

[One  of  the  most  curioiLs  observations  of  a  meteor  which  have  been 
recorded,  leaving  that  of  178'i  out  of  the  question,  was  recently  made 
by  Dr.  Schmidt,  who  was  fortunate  enough  to  observe  a  large  meteor 
in  a  telescope^  under  a  magnifying  power  of  eiglit  times.  The  fire- 
ball was  twin,  and  was  followed  by  several  smaller  ones,  ftdlowing 
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side  by  side  with  parallel  motions  of  tranaktion  until  all  were  extin- 
guished (fig,  74).  This  observation  lends  force  to  the  Huppositidii 
that  meteors  exist  in  space  as  a  crowd  of  bodies,  revolving  round 
each  other,  before  they  enter  our  atmosphere,] 

The  heights  of  meteors  from  the  sm^ace  of  the  Earth  are  often 
very  eonsidemble  ;  they  vary  between  7  and  310  miles.  It  nukst 
then  be  held,  as  remarked  by  Anigo,  that  the  sudden  incandescence 
of  meteors  is  produced  in  regions  where  it  was  formerly  supposed 
that  the  strata  of  the  terrestrial  atmosphere  were  so  rarefied  that  all 
action  of  its  elements  on  the  nmtter  of  the  shooting  stars  would  be 
regarded  as  impossible. 

It  has  been  suggested,  not  mthout  some  probability,  that  the 
attraction  of  the  Earth  is  susceptible  of  retaining  meteors  in  the 
state  of  permanent  satellites  ;  and  astronomical  treatises  quote  the 
calcidations  of  a  French  astronomer,  M,  Petit,  of  Toulouse,  who 
assigns  to  one  of  these  bcHlies  a  revolution  romid  our  globe,  the 
period  of  which  would  be  three  hours  and  twenty  minutes.  The 
distance  of  this  singular  companion  of  our  Moon  is  t5000  miles  from 
the  surface  of  our  Earth. 

We  are  here  brought  naturally  to  say  a  word  of  the  falls  of 
meteorites— stony  and  ferruginous  tmisseH,  which,  h  aving  the  inter- 
planetary spaces,  have  at  various  times  asttmiwhcd  tmr  jjopulations 
by  their  unexpected  fall. 

[Professor  Maskehme  bos  recently  made  a  convenient  chissifiea- 
tion  of  meteorites  into  **  Aerolites  or  Meteoric  StonA'^;"  **  Aero- 
siderites  or  Meteoric  Iron  ; "  and  ''  Aerosiderolitos/'  which  includes 
tlie  intervening  varieties. 

Thinking  that,  unlike  all  terrestrial  rocks»  nioteorites  are  pro- 
bably portions  of  cosmical  nnitt<?r,  which  has  not  been  acted  upon 
by  water  or  volcanic  heat,  Mn  Sorby  was  led  to  study  their 
microscopical  structure.  He  has  thus  been  able  to  ascertain  that 
the  mat4?rial  was  at  one  time  certainly  in  a  state  of  fusion;  and 
that  the  most  remote  couditirm,  of  which  we  have  positive  evi- 
dence, wa,s  that  of  sniall,  detached,  melted  globules,  the  formation 
*jf  which  cannot  be  explained  in  a  satisfactory  niauncr,  except  l*y 
supposing  that  their  cc*nstituents  were  uriginally  in  the  state  of 
vitpour,  as  they  now  exist  in  the  atmosiihere  of  the  Sun  ;  and,  on  the 
temperature  bcH^oming  lower,  condeiis^?d  into  tlie«e  **  ultimate  cosmicaJ 
particles/*  Tlieso  afterwards  collected  together  into  larger  masses, 
which  have  Ix^en  variously  changed  by  subsequent  mctamorjihic 
action,  and  broken  up  by  repeated  mutual  impact,  and  often  again 
collected  together  and  soliditietl.     The  meteoric  irons  are  probablj' 
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those  portions  of  the  metallic  constituents  which  were  separated  from 
tlie  rest  by  fusion,  when  the  metamorphism  was  carried  to  that 
extreme  point.  Tlioun^h  at  present  he  hj^)ks  upon  it  us  u  mere  h\iju- 
thesi.s,  he  venture**  to  HuggLNst  thiit  there  is  a  simihir  relation  bet  wtn^n 
these  ultimate  eo.smicid  globides  and  planets,  that  tliere  is  between 
tlu^  minute  drops  of  water  in  t!ie  rloud^,  and  an  trt-ean  ;  and  that  the 
study  of  the  mit:rosuopieal  strueture  of  meteorites  reveak  to  us  the 
physical  history  of  the  solar  system  at  the  most  remote  period  of 
whieh  we  have  any  e\adence*] 

It  is  now  universally  admittetl  that  there  is  an  intimate  relation 
between  the  phenomena  of  shootint^  stars,  metet>rs,  and  meteoric 
falls  ;  as  the  i'alls  have  been  in  scvertd  instances  kno^vTi  to  occur 
after  the  appearance  of  a  meteor. 

On  the  20th  of  April,  1803,  at  Aigle,  Department  of  Ome,  a 
few  minutes  after  the  appearance  of  u  hirge  meteor^  mo^^ng  from 
south-east  to  north-west »  which  was  also  perceived  at  Alen^on, 
Caen,  and  Faluise,  a  frightful  explosion,  IbllowtKi  by  detonations 
similar  to  the  noise  of  cannon,  or  the  roll  of  musketry,  proceeded 
from  a  single  black  cloud  in  a  very  clear  sky.  A  larfjc  quantity 
of  mcteorieal  stones,  still  fuming,  was  found  ou  the  sm-face  of  the 
grouDd,  over  an  extent  of  country  measuring  not  less  than  six  miles, 
in  the  diret^tion  of  its  greatest  length.  The  largest  of  these  stones 
weighed  rather  less  than  twenty-four  pounds. 

More  recently,  in  the  evening  of  the  Irjth  of  May,  1864,  the 
identity  of  meteorites  and  meteors  was  evidenced  by  the  appearance, 
explosion,  and  fall  of  a  splendid  meteor,  which  was  observed  over 
a  great  extent  of  France.  A  globe  of  a  brilliant  light,  leaving 
behind  it  a  whitish  train,  was  shattered  rockel-^rise  into  nmnerous 
fragnaents.  A  noise  like  the  proluiigetl  ruiobling  of  thunder  followed 
the  explosion  at  some  minutes*  interval,  and  a  fall  of  stones  which 
took  place  over  about  two  scpuu*e  leagues  enabled  the  extra- telluric 
matters  of  which  the  meteor  was  composed  to  be  examined. 

Aerolites  and  aerosiderites  of  the  same  origin,  but  of  much  more 
considerable  size,  have  been  collected  in  ditterent  museums.  M. 
Daubrce  has  permit teil  us  to  reproduce  here,  in  figs.  75  and  76,  two 
of  the  most  beautiful  ^specimens  of  meteorites  now  known.  The  first 
is  a  block  of  pure  iron,  found  in  a  plain  in  the  dej>artment  of  Var,  which 
weighs  upwards  of  eleven  hundredweights  It  is  \ery  remarkable  for 
its  crystalline  struetiQ'C,  visible  even  on  its  exterior,  but  rendered  still 
more  evident  by  a  section  made  artiiieially  at  one  of  its  angles. 

This  is  one  of  the  treasui-es  of  the  nu'neralogieal  galleries  of  the 
^"^atural  History  Museum  of  Paris;   where,   thanks   to   the  zeal   of 
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Oxygen,  sulphur,  phosphorus  and  carbon,  silicium  and  aluminium, 
potassium,  sodium,  sulphide  of  iron,  metallic  and  magnetic  iron,  and 
other  metals,  such  as  nickel,  cobalt,  manganese,  tin,  copper,  &c.,  have 
been  recognised  among  the  substances  of  which  meteorites  are  com- 
posed. Latterly,  the  presence  of  nitrogen  has  been  detected,  besides 
the  eighteen  simple  bodies,  of  which  the  principal  have  just  been 
cited. 

It  is  worthy  of  remark  that  all  the  simple  bodies  found 
in  meteoric  stones  are  known  in  our  own  planet.  The  chemical 
combinations  of  these  bodies  do  not  differ  from  those  with  which 
we  are  acquainted,  excepting  two  or  three,  of  which  one,  achreiberzite, 
has  been  recently  artificially  reproduced.* 

Thus,  thanks  to  the  phenomena  which  we  have  described — meteor- 
ites, meteors,  and  shooting  stars — the  planetary  spaces,  which  seemed 
for  ever  shut  out  from  direct  investigation,  have  been  correlated  with 
our  Earth.  These  masses,  undefiled  until  the  time  of  their  fall  by 
living  contact,  relate  to  us  the  mineralogy  and  chemistry  of  a  whole 
region  of  the  sky.  By  combining  the  indications  which  they  furnish 
with  the  marvellous  revelations  of  spectrum  analysis,  man  is  beginning 
to  obtain  precise  notions  on  the  composition  of  the  most  distant 
celestial  bodies ;  and  he  will  thus  expand  those  ideas  which  the 
laws  of  attraction,  of  light,  and  of  heat,  have  already  enabled  him 
to  hold  on  their  physical  constitution. 

♦  By  IklM.  Faye  and  H.  Deville. 
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MARS. 

Arovemeut  of  Mars  round  the  Sun — Mars,  in  Opposition  ;  Conditions  necessary 
for  a  favourable  Opposition — Bright  and  Dark  Spots — Effects  of  the  Transit 
of  Clouds — Colour  of  the  Planet's  Disk ;  Why  Mars  is  sometimes  Red — 
Polar  Snows — Melting  of  the  Polar  Snows — Rotation — Seasons  and  Climate. 

In  pursuing  our  exploration  of  the  solar  world,  we  meet  with  Mars 
after  the  Earth  :  it  is  the  next  planet  in  the*  order  of  distance  from 
the  Sun,  and  therefore  the  first,  the  orbit  of  which  encircles  that 
of  the  Earth,  or  of  those  bodies  which  are  called  by  astronomers 
Exterior  or  Superior  Plmiefs, 

At 'successive  intervals  of  two  years,  one  month,  and  nineteen 
days,  its  movement  of  revolution  brings  it  in  opposition  with  the  Sun ; 
that  is  to  say,  in  a  line  passing  respectively  through  the  centres  of 
the  Sun,  Earth,  and  the  planet.  Mars  is  then  comparatively  very 
near  to  us,  and  in  an  extremely  favourable  situation  for  observations 
of  its  disk ;  indeed,  excepting  the  Moon,  there  is  no  planetary  body, 
the  physical  constitution  of  which  has  been  better  studied. 

Mars  appears  to  the  naked  eye  as  the  reddest  star  in  the  heavens,* 
but  its  brightness  varies  considerably,  on  account  of  the  variability 
of  its  distance  from  the  Earth.  Occasionally  its  light  scintillates, 
but  most  frequently  this  does  not  happen ;  and  it  is  thus,  like  all 
other  planets,  distinguished  from  the  stars  of  the  same  apparent 
magnitude. 

If,  instead  of  observing  with  the  naked  eye,  a  telescope  of  suf- 
ficient magnifying  power  is  used,  the  scintillation  entirely  disappears, 
'^he  luminous  point  takes  the  form  of  a  clearly  defined  disk,  and  the 
degree  of  intensity  of  the  red  colour  diminishes  and  passes  to  a 
general  tint  of  a  yellowish  red. 

*  Beer,  Madler,  and  Arago. 
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As  is  the  case  with  Venus  and  Mercury,  the  light  which  Mars  emits 
is  borrowed  from  the  Sun  ;  but  it  is  more  difficult  to  prove  this  fact, 
common  to  all  the  bodies  which  revolve  round  the  central  fire,  ab- 
solutely, because  the  phases  of  its  disk  are  extremly  small.  They 
exist,  however.  It  is  easy  to  account  for  this  difference,  which  we 
shall  find  more  decided  still  in  the  planets  furthest  from  the  Sun. 

When  Mars  and  the  Earth  are  brought,  by  their  movements  of 
ti-anslation  round  the  Sun,  into  a  straight  line  with  it  (see  fig.  77),  but 
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—Orbit  and  Phases  of  Mars. 


in  such  a  manner  that  we  are  placed  between  the  Sim  and  the  planet, 
Mai-s  is  presented  to  us  under  the  form  of  a  completely  illimunated 
disk.  It  presents  the  same  appearance  when  it  is  on  the  other  side 
of  the  Sun.  Cin  the  intermediate  positions,  there  is  but  little  perceptible 
change  in  the  appearance  to  that  presented  at  conjunction  or  oppo- 
sition.* ^  At  certain  distances,   however,    from   these  two  extreme 

*  Let  us  remind  the  reader  that  a  planet  is  in  Cofijunction  when  it  is  on  the 
same  line  as  the  Sun,  between  it  and  the  £arth.  It  is  in  Opposition  when  on 
the  same  line  as  the  Sun,  but  on  the  opposite  side  of  the  Earth  to  the  Sun. 
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l>ositiona,*  Mars  presents  to  us  a  slight  portion  of  its  dark  hemi- 
s^jlitTe,  ai(lioii|j;h  tlii^  lutiiinous  piirt  is  always  hy  far  tlie  liirg'er. 

Tlio  aspect  of  Mard  at  thi»  time  cauised  8ir  J.  Ilerst^liel  to  apply 
the  term  gibbom.  The  apparent  fonn  of  the  planet  then  b  that  of 
the  ^loon,  two  yr  throe  days  beibre  or  after  fiilL 

lloweycr  slight  this  pha«e^  it  suffieos  la  j^rove,  as  we  have  befiire 
said,  that  liars  is  not  self-luminous,  and  we  shall  si*e  that  it  is  thus 
with  all  the  other  planets. 

If  we  consider  the  orbit  which  Mars  describes  round  the  Sun, 
we  shall  readily  see  how  it  ia  that  this  planet  is  most  favour- 
ably situated  for  observations  of  the  physical  particuhirities  of  its 
surface. 

The  two  inferior  planets,  Merciir}''  and  Venus,  oscillating  at  small 
di.stances  round  the  Sun,  are  often  hid  in  its  rays ;  besides,  during 


Fi|f«  T8,>— AppnrQTir  liiniouttioiLfnf  Mara  At  its  lucaii  norl  extretnc  dlHtaDCCfl  tmm  the  FatIIu 

tlieir  periods  of  \"isibility%  they  show  us  a  cf)nsiderable  portion  of  their 
dark  sides.  It  is  not  thus  with  Mars,  which  is  only  lost  once  in  u 
revtdnt  ion  in  the  solar  rays,  ami  is  alnaist  without  phases.  We  have 
before  said  that  wlien  a  superior  ])lanet  is  in  opposition  with  the 
iSun,  its  distance  ironi  the  Earth  is  least.  At  this  epoch*  indeed,  this 
distance  m  measured  by  tb<^  dilforence  between  the  distances  of  the 
planet  and  the  I^urth  from  the  Sun. 

Let  us  look  into  this  statement  a  lit  lie  closer  with  renpard  to  ilars. 

Like  all  planets,  Mars  describes  an  (irbit  whirh  is  not  rircular, 
so  that  its  distance  from  the  fucus  of  the  system  varies  continually. 
At  its  greatest  distance  from  the  Sun>  Mars  is   loO,()(K*,0(>0  miles 

*  At  tilt*  (jt(fulratuf'^4,  or  in  tlie  position  in  wliicli  lines  diuwa  to  tbc  Eailh 
and  Sun  furru  the  grtjateat  posaiblt:  aiiglu. 
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rcmovtHl ;  at  its  minimum  distance,  133,000,000 ;  its  mcun  diBtanec 
Uvuvj:  145,000,000  miles.  Thus  the  dilfcrence  in  the  difstaiice  from 
the  8un  at  periheh'on  and  aphelion  amounts  to  27*000,000  mihs 
These  numhers  indieate  an  orbit  of  considerable  elliptieity. 

From  this  follow  also  enormous  differences  in  the  distance  of 
Marw  from  the  Earth  ;  in  their  various  relative  positions;  whilst  the 
phiut't  is  sometimes  (h'stant  from  us  2o6,000,00tl  miles,  in  its  most. 
fa\'niirable  opposition  it  is  not  more  than  35,000,000  miles  away  from 
us — a  distance  seven  times  less  than  the  fij^t. 

It  will  not  be  astonishing,  then,  in  glancing  at  hgure  78,  to 
tind  such  great  differences  between  the  apparent  dimensions  of  the 
disk  of  Mars,  seen  from  the  Earth  at  ita  extreme  and  mean  dis- 
tances . 

[We  may,  ^vith  advantage,  pursue  this  subject  a  little  further. 
In  tlie  ease  of  an  tttfrnor  ydanet,  if  we  suppose,  bearin*^  the  ellijrdc 
form  of  the  orbit  in  mind,  the  perihelion  of  the  Earth  to  coincide  in 
direction— -or,  as  iistrouomcrs  put  it,  to  be  in  the  same  heliocentric 
longitude — as  the  aphelion  of  the  planet,  it  will  be  obvious  that  the 
i'OfiJtiftefiom  which  happen  in  this  ]3art  of  the  orbits  of  both  will  bring 
the  bodies  nearer  together  than  will  the  conjunctions  wliieh  happen 
elsewhere.  Similarly,  if  we  supixise  the  aphelion  of  the  J^Itirth  to 
coincide  with  the  perihelion  of  a  s/fprrior  planet  — let  us  sa}'  of  Mars 
—  it  will  Ik*  obvious  that  the  opjxjsit ions  which  happen  in  that  part  ol" 
the  orbit  will  be  the  most  favourable  fur  observation.  It  happens, 
however,  that  these  points  arc  in  no  case  coincident.* 

The  i>erihelion  of  the  Earth  is  situated  in  !J0^  of  heliocentric 
longitude,  its  aphelion  is  therefore  situated  in  long,  279"  (^^99°-|-180*^ ), 
The  perihelion  of  !Mars  is  in  hmg.  332°.  The  oppositions,  therefHre, 
whicli  occur  near  that  part  of  his  tirbit  are  ItMjked  forward  to  with 
tlie  greatest  interest  and  utilized  to  tlie  utmost  by  astronomers — 
the  i oppositions  of  1830  and  1H02  to  wit.] 

Mars  traverses  its  orbit  with  varying  velocities.  Its  mean  rate 
id'  motion  is  upwards  of  54,000  miles  an  hour,  or  about  16  miles  a 
sec;  on  d* 

The  apparent  diameter  of  ilai-s  is  less  than  ihatof  Yenus;  this 
is  due  to  two  causes;  fii*stly,  Venus  approaches  nearer  the  Earth,  and, 
secondly,  the  diameter  of  that  ]>lanet  is  larger  in  reality  than  that  of 
Mara  ;  it  exceeils  it  bv  about  thrt^- fourths.     The  diameter  of  Mars  i' 


*  [Tho  orbit  of  the  Earth,  however,  is  so  nearly  circular,  that  practically 
nothing  is  lost-  Wore  it  as  elliptical  »s  f.h*it  r>f  Miirs,  this  consideration  would  be 
of  great  imporUrtce.] 
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Hl*i  miles,  thut  is,  a  little  hm  tluiii  half  thiit  of  the  Earth,  which 
ii*  nearly  8000  niiles, 

Liislly,  whilst  tho  t^urface  of  Mars  is  searc*cly  more  thiin  a  quarter 
of  the  Pjartli's  surfaee,  it^  vohmic  docs  not  exceed  the  seventh  part. 
Nevertheless,  it  is  more  than  double  that  of  Mercury,  and  about  seven 
times  that  of  the  Moon. 

We  now  arrive  at  a  subject  of  extreme  interest  —  the  physietJ 
constitution  of  the  phtnet. 

To  observe  Mai'w»  we  must  choose  the  most  favourabie  epoch— that 
of  opp)8ition  ;  and,  if  possible,  of  an  oppcj^itiun  when  the  planet,  aa 
we  have  before  explained,  is  at  itjs  greatest  possible  proxunity  to  the 
Earth,  We  mtiHt  alj*o  iuniish  onrselves  with  a  powerful  telescope, 
one,  if  pos-sible,  driven  by  clockwork,  so  that  it  exactly  keeps  pace 
w4th  the  planet  in  its  weatward  course. 


Fig',  7y.  —Kara  aotl  the  Etirth ;  compiLmtlvD  ditnetiAtona. 

Let  lis  turn  our  instrument  on  the  reddish  luminous  point  of 
light,  (in  a  clear  ni^^bt»  when  the  air  is  calm  and  charged  if^^ith 
ijioisture,  and  the  heiglit  of  the  planet  above  the  horizon  is  the 
greatcKt  pn.ssible,  so  that  we  shiill  have  the  least  possible  thickness 
of  atmosphere  to  ]jenetrate.  It  will  be  then  nearly  mitlnight,  since 
it  is  towards  that  huar  that  all  planets  culminate — that  is  to  say,  pass 
the  meridian— at  opposition, 

^rhe  disk  of  the  planet  will  appear  of  a  nearly  circular  fonn,  per- 
tVetly  well  defined,  and  overspread  with  light  and  dark  spots,  which 
(litter  eonsideraldy  in  tone  and  colour  - — tone  especially.  The  brighter 
jjortions,  excepting  in  two  points  neurly  diametrically  opposed,  are 
somelimcs  of  a  reddish  tint,  whilst  the  dark  sjK>ts,  aa  some^hold,  by 
the  effect  of  contrast,  as  others  hold,  absolutely,  seem  of  a  blue  or 
greenish  grey.      Throughout    ils   cireumlereuce    the  disk    is    more 
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luminous  thitii  the  centrul  part ;  tlio  dark  spots  also  are  effaced  and 
disappear  at  the  liinb. 

Lastly,  at  two  j>*>iiit8,  of  which  mention  has  been  before  made, 
which  are  not  situatal  at  the  extremities  of  a  diameter,  two  s|>ots  of 
unequal  extJnt  and  of  extreme  whiteness,  which  c«:»ntra8t8  >vith  the 
reddish  parts,  shine  with  a  very  particular  brightneas.*  These  two 
8|>ofs  mark  near  the  ix>le8  of  Mars.  [Both  are  visible  when  the  planet 
is  observed  at  the  time  of  its  solstices ;  at  others,  only  the  one  tipped 
down  towards  the  Eurth  ean  be  seen.] 

All  the  appearances  on  the  surtace  of  the  planet  may  be  divided 
into  permanent  and  variable  ones.  The  permanence  of  the  features, 
that  is  to  say,  the  constancy  of  their  principal  shapes,  and  of  their 
relative  situations,  has  been  proved  l>y  nuinerous  and  minute  ohser- 


>- 


Fig,  6i',^ Views  ot  M.iiTi  ill 


ur:^    intcivjti.     (VV.irreti  i  *c  i^i  KU(j.  ji 


vationa~a  matter  more  difficult  than  mif^ht  he  imagined  at  a  first 
examination.  Indeed,  as  the  observation  of  the  spots  shows,  the  planet 
has  a  movement  of  rotation  eflected  in  alwut  *24^  hours.  Ileuce  it 
follows  that  in  a  few  hours  the  as|ject  of  the  disk  changes:  of  this 
we  may  gain  an  idea  by  exanuning  figures  HO  and  81.  Besides, 
when,  in  consequence  of  the  movement  of  notation,  a  spot  approaches 
the  edge,  it  disappears  before  ha\^ng  attained  it.     This  disappeariince 

*  **  Tlie  colour  of  the  polar  spots  **  (we  quote  Beer  and  Miidler)  "  wcrc^  every 
time  the  planet  was  cltstitjctly  seen,  always  of  a  bright  and  pure  white,  in  no  wiiy 
similar  to  the  coloar  of  the  other  parts  of  the  planet,  hi  1H37  it  liap[XMied  once 
that  Mars,  during  the  observations,  was  completely  obscured  by  a  cloudy  with  the 
exception  of  the  polar  spot^  which  remained  distinctly  visible  to  the  view." — 
Fra^nt'Ciits  xur  leg  CoiyM  Cfie^et, 

Arago  estimated  that  the  hrightnesa  of  the  polar  spots  is  more  than  donhle 
that  of  the  other  bright  spots^  on  the  edge  of  the  disk. 
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is  owing,  doubt l©ss»  to  tlio  atiiiosphero  of  Mars,  seen  in  those  points 
iindtT  a  grout  ohliqiiity,  iiiid  tlio  brigLtuesa  of  which  effaces  the 
darker  tint  of  the  spot. 

Liistly,  the  orbit  of  Mars  does*  not  coincide  with  the  eidiptic  :  the 
two  planes  fonn  n  slight  angle  (1^  51').  But  if  to  this  18  joined  the 
much  greater  inclination  of  the  axis  of  rotation,  we  shall  readily  see 
why,  at  Kuccessivc  opptjsilion,  j\Iar»  does  not  pn  went  to  tlie  Earth  the 
same  pirtiona  of  its  surface.  Hence  changes  produced  by  pei*spective, 
wo  much  more  decided  as  a  spherical  surface  is  in  tpiestion. 

The  %ariability,  often  very  rapid,  which  is  observed  in  the  form 
of  the  fcjitures  which  overspread  the  disk,  has  suggested  the  opinion 
that  these  phenomena  are  owing  to  the  iuteiposition  of  chuidy  masses 
in  the  planet's  atmosphere  above  the  general  level  of  laud  and  sea. 
Mr.  Lockyer,  who  carefully  followed  the  changing  features  of  Mars 
during  the  opposition   of  1802,  thus  \^Tites  in  his  Memoir*  on  the 


PijC.  SI,— llut.ition  uf  Miirs     Movcnieut  of  tbo  !*[>ota  <ibscrved  dinnnj  the  op^xisitiou 
of  1 S  to.    ( Boor  unt J  M tl dLn  ) 

l)Ianet :  '*  Although  the  complete  hxity  of  the  main  teat  ares  of  the 
planet  has  been  placed  beyond  all  doubt,  daily — nay»  hourly — 
changes  in  the  detail  and  in  the  tones  of  the  different  parts  of  the 
planet,  both  light  and  dark,  occur.  These  changes  are,  I  doubt  not, 
causetl  by  the  transit  of  clouds  over  the  different  features."  The 
drawings  which  accompimy  this  Memoir  seem  to  fully  justify  this 
opinion. 

It  is  generally  held  that  the  reddish  and  bright  spots  of  Mars  arc 
the  solid  parts  of  the  surface  on  the  continents,  whilst  the  dark  bluish 
spots  fonn  the  liquid  parts  on  the  seas.  This  distinction  is  founded 
on  the  unequal  reflexion  of  the  light  by  the  land  and  the  water. 
According  to  Mr.  Lockyer,   if  we  admit  that  the  darkest  spots  in- 


*  **  ilemoirs  of  the  Uoyal  Astronomical  Society,'*  vol,  xiiii,  p.  1^3. 


MARS. 


207 


dicate  water,  the  darkest  among  them  are  thase  portions  which  arc 
most  In  Ti  d  -  loc kotl . 

Whence  comes  the  reddish  colouring,  which  characterisOvS  the 
bright  parts  of  the  disk  f  If  Mars  were  8elf-lnniinou8,  this  tint  would 
donhtlesis  he  attributed  to  the  very  nature  of  its  light ;  but  it  only 
reflects  to  us  the  white  light  of  the  Sun  ;  it  is  evident,  thcrclbrc,  that 
the  colour  is  imparted  by  the  planet  or  its  atmosphere.  Sevei-al 
hyjx>tho8e8  have  been  suggested  on  this  subject.  8ome  have  attnbuted 
the  red  tint  of  the  continents  to  the  nature  of  the  soil,  composed  of  red 
sandstone.  Others,  among  them  Lambert,  have  thought  that  the 
colour  of  the  vegetation,  instead  of  being  green,  as  it  ia  on  our 
Earth,  is  red  on  Mars.  This  explanation  ift  not  an  impossible  one ; 
but,  if  it  be  true,  there  should  be  variations  in  the  intensity  of  the 
tint  on  each  of  the  hemispheres  of  the  planet  correg|jonding  to  the 
seasons;  the  tint  should  diminish  during  winter,  to  reappear  in 
spring,  and  to  attain  its  maximum  in  the  summer. 

It  has  also  been  pro|>osed  to  explain  the  colour  of  the  spots  by  the 
refrat:tion  of  the  rays  of  tlie  Smi  through  the  atmosphere  of  Mai's* 
Arago  has  refuted  this  hypothesis  by  the  simple  remark,  that  at  the 
borders  t»f  the  pknet  the  redness  should  be  more  dccitletl  than  in  the 
central  pijrtions,  since  the  luminous  rays  traverse  a  greater  thickness 
of  atm*)sphere,  and  traverse  it  more  obliquely,  in  the  regions  near  the 
limb,  where  the  contrary  effect  is  observed.  I^et  us  add,  thut  this 
h}^othesia  does  not  explain  why  the  red  tint  is  not  general.  Tlie 
ruddy  light  of  Mars  cannot,  therefore,  in  this  manner  Ik?  assimilated 
to  our  twihght  hues, 

[But  the  question  is  altered  if  we  take  the  existence  of  clouds  into 
consideration.  Observations  of  the  planet  in  1862  suggested  to  Mr. 
Lockyer  that  the  colour  might  depend  upon  the  cloudy  state  of  the 
planet,  and  the  spectroscope  substantiates  this  h}'jjofhe8i8.  In 
1862  the  planet  was  clearer  of  clouds,  and  more  rmhitj  than  in 
1864.  The  suggested  explanation  in  that»  when  Mars  is  clouded, 
the  light  reflected  by  the  clouds  imdergoes  less  absoi'ption  than 
that  reflected  by  the  planet  itself;  and  on  one  occasion  the  8i>ee- 
troscope  indicated  this  increased  absoii>ttnn  by  revealing  the  fact 
that  the  sunlight  was  reflected  to  us  mhntH  a  large  pfjrtion  of  the 
lilue  rays.] 

We  must  now  occupy  ourselves  with  the  polar  snows.  We  have 
seen  that  they  are  distinguished  from  the  other  features  by  their 
brilliant  white  light ;  they  are  equally  distinct  from  the  rest  by  reason 
of  the  variation  in  their  dimensions.  In  proportion  as  the  white  spot 
on  one  of  the  poles  diminishes,  the  other  increases ;  the  minimum  of 
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both  always  corresponding  with  the  summer;  imd  the  maximum  with 
the  i^rinter  of  the  hemisphere  in  which  it  in  situiited.  Thus,  duiiiig 
the  opposition  of  ISrSO,  the  southern  «now  zone  was  men  to  diminish 
hy  degrees,  and  its  outHne  to  recede  till  the  time  which  eorrcBponds, 
for  that  hemisphere  of  Mars,  to  the  middle  of  the  month  of  July  on 
oiir  northern  hemisphere ;  from  this  moment  it  iiiereuscd  again. 
(Beer  and  Madler.)  In  1837  similar  diminutiona  were  observed  in 
the  dimensions  of  the  spot  of  the  northern  pole.  At  the  mme  time, 
the  snowy  regions  of  the  southern  pole  had  a  considerable  extension. 
Now  these  variations  corresponded  equally  to  the  summer  season  of 
the  northern  hemisphere,  and  to  the  winter  of  the  southern  hemi- 
sphere of  liars. 

Thus  from  the  Earth  we  can  watch  the  formation  of  the  polar 
ice»  and  the  fall  and  thaw  of  the  snows  on  the  surface  of  a  neigh- 
bouring planet ;  in  a  word,  all  the  vieissitiulcs  of  heat  and  cold  which 
distinguish  the  seasons  of  winter  and  spring,  autumn  and  winter. 
The  succession  of  these  changes  is  now  so  well  establishetl,  that 
astronomers  can  prcilict  approxiinatively  the  form,  relative  size,  and 
jjosition  of  the  northera  and  southern  snow-zonca. 

We  have  said  that  the  two  white  sptits  are  not  of  the  same  extent 
either  during  their  respective  winters  or  sununers.  The  snowy  cap 
of  ihe  southern  Ixemisphere  varies  within  much  greater  liinits  thnn 
that  of  the  opposite  pole :  it  is  much  more  extensive  during  the 
winter  season,  and  it  dimini.shes  during  the  summer  to  such  mi 
extent  that  it  does  not  occupy  more  than  the  hff h  purt  of  the  suiKU- 
ficies  of  the  snowj^  spot  of  the  noilhem  pole.  This  difference  is  easily 
explained  by  the  great  inclination  of  the  axis  of  the  planet  to  the 
plane  of  its  orbit,  and  hy  the  fact  that  the  southern  pole  is  turnwl 
towanls  the  Sun,  when  Mars  is  nearly  at  itB  smallest  distance  from 
the  focuH  of  light  and  heat.  The  summer  time,  on  the  other  hand, 
of  the  northern  hemisphere^  occurs  at  the  epoch  of  its  greatest  distainre. 
The  quantities  of  heat  received  by  the  globe  of  Mars,  at  these  two 
op|XJsite  points  of  its  orbit,  xary  in  the  ratio  uf  seven  to  five,* 

In  truth,  these  differences  of  temperature  are  paii^ly  compensatt^l 
in  the  course  of  a  revolution  ;  but  the  extremes  of  heat  and  cold  are 
still  verj'  dei:ided. 

We  have  seen  that  Jhirs  presents  the  most  curious  analogies  with 
the  Earth;  and  it  is  probable  that  to  the  inhabitants  of  Venus  out^ 

♦  At  the  mean  diatanco  of  Mara  from  th©  Sun.  the  disk  of  this  last  body  is 
hut  rVottis  of  that  preacuted  to  us^  or  Icsa  ttian  half ;  but  at  it«  fthortest  clistancei 
the  8iiti's  api>areut  diameter  h  abtmt  three- fourths  ;  the  apjiareut  surface  of  its 
disk  i«  then  a  httlc  more  than  hulf  that  which  is  presented  to  us. 
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planet  presents  tbe  same  appearances  that  Mara  does  to  ua.  Like  the 
poles  of  Mars,  the  poles  of  the  Earth  are  covered  with  snow  and  ice  : 
it  18  also  oiir  8outhem  Pole  whicli  m  the  most  frost-lxmod,  and  for  the 
same  astnjnoniieal  reasons,  by  the  congelation  of  the  aqueous  vapour. 
Lastly,  the  points  of  greatest  cold  on  Mars,  as  on  the  Earth,  do  not 
coincide  exactly  with  the  poles  of  rotation-  This  excentricity  is  very 
evident  in  the  \acws  of  Mars  given  in  tig.  80. 

If  snow  falls  in  Mars,  it  is  because  water  is  there  evaporated  by 
heat ;  hence,  the  water  must  spread  on  the  surface  under  the  fonn  ol' 
clouds,  which  condense  sometimes  in  a  liquid  state  in  the  form  of  rain, 


L 


Fig.  S2.— liicliuaLiou  of  Lhe  axis  of  roUtiou.     Miirs  At  owe  uf  its  aoltftlccs. 

sonietmies  as  snowy  crystalli^iatioiiK.     Tliiis  Mars  certainly 
an  atmosphere  of  aqutxms  vajxiur. 

But  we  see  tcK)  distinctly  the  permanent  sijots  of  the  disk,  not  to 
^  be  certain  of  the  exist4?nco  of  an  atmosphere  analogous  to  oiir  own* 
the  pressure  of  which,  by  counterbalancing  the  expansion  of  the 
aqueous  vajx^ur,  prevents  it  from  ujsurping  all  the  surface.  We  have 
already  said  that  the  more  luminous  borders  of  the  disk  allow  us  to 
infer  the  existence  of  a  cloud-bearing  atmosphere,  which  effaces  by  its 
brightness  the  dark  spots  when  the  rotation  brings  them  towanls  the 
limb. 

Tlio  mct^Kirolop-v  of  ^fars  is»  then,  to  a  great  extent  known.     It 
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pn>sente,  wo  repeat,  the  greatest  analogies  with  the  raeteorology  of 
our  Eartli.  But  iit  the  mmc  time  notable  difl'ereTices  distinguish 
them.  As  Professor  Phillips  has  remarked,  the  considerable  periodical 
exchange  of  moisture  which  m  made  between  the  two  heniiapheres» 
e6|)ecially  between  the  two  poles,  must  give  rise  to  hurricanes  and 
storms,  of  the  violence  of  which  we  can  form  no  idea ;  while  the 
melting  of  the  snows  over  such  large  areas  must  produce  terrible 
pericHlical  intmdationH. 

Wo  have  seen  that  Slars  turns  on  itself  in  about  24^  hours/ 
Thus  the  duration  of  its  movement  of  rotation  exceetla  that  of  our 
sidereal  day  by  41  minutes. 

Mars  accompUBhes  an  entire  revolution  round  the  Sun  in  687  of 
our  terrestrial  days.  But  the  year  of  Mars  oidy  contains  C69|  of  its 
own  sidereal  days ;  and  as  the  number  of  the  solar  days — we  have 
explained  this  for  the  Earth — 18  always  less  by  one  thim  that  of  the 
rotations,  the  year  of  Mars  is  in  reality  composed  of  668^  of  its  own 
fiolar  days^  which  gives,  for  the  duration  of  one  of  these  diiys,  24  hours, 
(39  minutes,  35  seconds. 

Thus  a  w^hole  day  of  Mars  exceeds  one  of  our  days  by  39  minutes 
35  seconds.     The  difference  is  not  very  perceptible. 

Besides,  the  inclination  of  the  axis  of  rotation  to  the  plane  of  the 
ecliptic  18  nearly  the  same  as  that  of  the  axi«  of  the  Earth,  f  Tt  follows 
that,  in  the  course  of  a  year,  Mars  presents  its  various  regions  to  the 
Sun,  nearly  like  our  globe  so  that  the  length  of  the  days  and  the 
nights,  in  the  difierent  latitudes,  is  distributed  in  the  stime  manner. 
The  extreme  zones,  torrid  and  frigid,  are  a  little  more  extended, 
proportionally,  which  consequently  reduces  the  surface  of  the  temperate 
zones.  But  it  must  not  be  forgotten  that  this  is  a  favourable  circum- 
stance, at  least  for  the  tropical  regions,  since  the  solar  light  and  heat 
arrive  at  the  planet  with  an  intensity  much  less  than  on  our  globe. 

Between  Mars  and  the  Earth,  however,  there  is  an  important  dis- 
tinction, and  it  lies  in  the  difference  between  the  lengths  of  the  Terres- 
trial and  Martial  seasons.  In  the  northern  hemisphere  of  the  planet, 
the  GC8  days  of  its  year  are  divided  as  follows : 

Spring  lasts    .    .     -    ,  191  days  8  hours. 

Summer      ...         .  181     „     0     „ 

Autumn 149     „      8     „ 

And  Winter    .     •     ,     ,  147    „     0     „ 

But   the  summer  seasons  of  the  northern  hemisiihere  are  the 

^  24  hours,  rt7  mimitcs,  2*62  secoucla.     (Kaiser.) 
t  61^  ii'  for  Mars  ;  HiF  33'  for  the  Earth. 
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winter  seasons  of  the  southern  hemisphere,  whence  it  follows  that 
the  spring  and  summer,  taken  together,  last  76  days  longer  in  the 
northern  hemisphere  than  in  the  southern  one* 

The  globe  of  Mars  is  not  exactly  spherical  j  it  is  flattened  at  the 
poles,  and  it  bulges,  like  our  Earth,  at  the  equator.  But  the  measure- 
ment of  this  flattening  presents  considerable  difiBcidties,  which 
moat  of  the  observ^ers  attribute  to  errors  of  measurement  in- 
duced by  the  irradiation  caused  by  the  polar  spots.  Arago,  who 
made  a  series  of  measures  of  the  two  diameters  ^-ith  great  care, 
concluded  that  the  latter  is  short-cr  than  the  former  by  the  thirtieth 
part  of  its  value,  Herschel,  in  1784,  found  the  same  quantity ,  -^g  ; 
whilst  more  recent  measures  appear  to  reduce  it  to  the  third  of  the 
value  measured  by  Arago-  5L  Kaiser  (of  Leyden)  gives  -j^  for 
the  flattening,  as  measured  during  the  opposition  of  1862,  Sup- 
posing that  the  planet  was  fluid  in  the  first  instance,  the  figures 
which  precede  are  too  great  to  be  in  accordance  with  the  laws  of 
hydi-ofitatics,  which  govern  the  contiguration  of  the  celestial  bodies. 
But  it  is  to  be  regretted  that  the  uncertainty  of  the  measures  is 
here,  perhaps,  the  only  cause  of  this  apparent  anomaly,  and  we 
hope  that,  at  the  next  most  favourable  oppositions,  astronomers  will 
arrive  at  more  precise  data  on  this  point. 

It  remains  for  us,  before  we  complete  this  monograph  of  ^lars, 
to  speak  of  it«  density,  which  is  very  near  that  of  the  Earth ;  * 
of  its  mass,  which  is  rather  more  than  an  eighth  of  the  terrestrial 
mass;  and,  lastly,  of  the  force  of  gravity  by  which  the  bodies  are 
retained  on  its  surface.  This  last  is  half  that  which  is  observed 
on  the  surface  of  the  Earth,  whence  we  may  conclude  that  the  organi- 
zation of  the  liring  bodies  which  people  Mars  dlficrs  notably  from 
that  with  which  we  are  familiar. 

It  may  be  seen,  also,  that  the  conditions  of  temperature  to  which 
these  beings  are  subjected  are  very  variable,  and  that  the  solar 
illumination  varies  very  largely.  But  before  we  can  draw  from  these 
facts  positive  conclusions,  the  constitution  and  dene^ity  of  the  atmo* 
sphere,  an  element  so  important  in  the  physiology  of  the  celestial 
bodies,  must  be  known* 

Mare  has  no  satellites.  Its  nights  are  therefore  completely  dark, 
if  indeed  they  are  not  lit  up  by  aurorao  and  long  lingering  twilights. 

At  all  events,  this  is  not  a  great  privation,  to  judge  by  the 
imperfect  manner  in  which  nur  Moon  acquits  itself  of  its  function 
of  torch-bearer  to  our  Earth . 


*  0048,  tbat  of  the  Earth  being  1. 


Tfie  number  of  the  known  planets  in  the  solar  systi^ni,  sixty-four 
years  ago,  was  only  seven,  among  which  was  counted  the  hirge  planet 
Uranus,  disco %Tred  bj  Sir  W,  Herscheh  At  the  pi-enent  time 
this  number  18  increaHcil  to  92,  so  that,  without  rrekoning  the  new 
cfinicts  and  the  recently  discovered  Hatellites,  the  solar  system  ha-s 
Iwen  increased  by  85  Wdies.  It  is  ti-ue  that,  with  the  exception  of* 
Neptune,  which  forms  part  of  the  p;Toup  of  large  planets,  all  thest^ 
ImkIics  are  of  extreme  snudlness,  and,  t^tken  separately,  do  not  even 
equal  in  size  the  mitellites  of  the  prineipal  planets, 

Ilenee  they  have  Ix^eii  named  A^sktvffl>i,  Minor  Phmvh,  and  Trh- 
MfYtpir  PiaaeiH^ 

In  spit«  of  their  smallness,  they  form  a  very  interesting  group, 
which  gives  a  new  appearance  to  the  solar  system,  at  the  same  time 
that  it  throws  a  fresh  light  tm  the  problem  of  its  fonnation  and  develop- 
ment. The  84  telescopic  planets  now  known — the  number  increases 
every  year — are  all  situated  between  Mars  and  Jupiter;  the  orbits 
which  they  describe  round  tlie  Sun  are  so  near  one  another,  and  so 
interlaced,  that  a  contemporary  asti*onomer,  M.  D' Arrest,  deducetl 
from  this  circumstance  the  evident  proof  of  a  common  origin. 

**  One  liiet,''  he  says,  "seems  above  all  to  confirm  the  idea  of 
an  intimate  relation  between  all  the  minor  planets  ;  it  is,  that,  if 
their  orbits  are  tigurcKl  under  the  form  of  material  rings,  these  rings 
will  be  found  so  entangk^l,  that  it  wiadd  be  j>ossiljle,  i>v  lueiuis  of 
one  among  them  taken  at  hazard,  to  lift  up  all  the  rest," 
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At  the  time  when  these  Hues  were  written,  only  14  asteroids 
were  known ;  since  then,  70  more  newly  discovered  plane t«  have 
l)een  ibuiid  to  tvceupy  tlie  mid-interval.  The  comparison  of  DMrrest, 
and  the  inJeronco  that  he  dniw8  from  it,  are  therefore  so  much 
the  more  strengthened. 

Before  the  discovery  of  the  minor  planets,  astronomei*s,  in  com- 
paring tlic  intervals  which  separated  the  known  planets  from  the 
!Sim,  noticed  the  rehitivo  considerable  distance  between  the  tw'o 
planets,  Jupiter  and  Mara.  The  ima^nation  of  Kepler,  which  M 
the  illustrious  discii>le  of  Tycho  into  theoretical  views  of  extreme 
hardiness,  placed  an  undiscovenKl  planet  in  the  vacant  space  ;  and 
this  hj^othesis  seemed  corroborated  by  a  dbcovery  made  by  an 
astronomer  of  the  eight wntli  century — Tilius,  who  detecttd  a  sin- 
gular ionnexion,  since  kno^^ii  imdcr  the  name  of  Bode*s  Law,  between 
the  successive  distances  of  the  planets. 

This  connexion  was  as  follows.  If  we  write  down  the  following 
series  of  numbers — 

0  8  6  12  24  48  06 

and  add  4  to  each  of  them,  we  shall  have  another  series^ 


10 


16 


28 


52 


IQU 


Now,  the  terms  of  this  sericR,  with  the  cxceplion  of  the  tifth  — 
28, — very  nearly  represent  the  relative  distances  of  the  planets  known 
in  Titius'  time  :  — 


Mercury,  Venus,        Earth,       Mars, 


—  Jupitor,     Satain. 


After  this  empirictd  law  was  aniiouTieed,  the  discovery  of  Unmus 
in  1781,  extended  the  series,  and  it  was  fonnd  that  the  distance  uf  the 
new  planet  was  precisely  that  represented  by  the  eighth  term,  V.Hl,  of 
the  regularly  formed  series.  Ilence,  to  conclude  the  existence  of  a 
planet,  which  sh*>uld  till  the  blank  existing  bi'twcen  Jupiter  and 
Mars,  was  natund.  **  Baron  do  Zach,"  says  M.  Lespiault,  in  his 
exccHent  monugrsipli  of  the  asteroids,  "  went  so  far  as  to  publisli 
beforehand,  in  the  Berlin  Ahnauac,  the  elements  of  the  supposed 
planet,  and  he  organized  an  association  of  astronomers  to  search 
for  this  body.     The  Zodiac  was  divided  into  twenty-four  zones,  each 

♦  *' Memoirs  of  Iht*  Physical  and  Nataral  Sciences  of  Bordeaux,"  vol.  ii, 
p.  171. 
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of  which  was  confided  to  the  specitil  mrreiiimwe  of  one  of  the  mem- 
bers of  the  Society,  The  discovery  was  made,  but  cert-uiiily  not  in  the 
manner  contemplated. 

In  fact,  on  the  Ist  of  January,  1801,  at  Palermo,  Piuzzi  in- 
augurated the  nineteenth  century  by  the  discover}^  of  Ceres,  thus  filling 
the  gap  indicated  by  Titius  and  Bodo,  of  which,  truth  to  teU,  he 
thought  very  little.  Singularly  enough,  however,  CeiTS  precisely 
occupied  the  vacant  number  28,  which  expressed  the  distance  of  the 
new  planet  from  the  Sun,  the  distance  of  the  Earth  being  represcntt^ti 
by  10.  Fifteen  months  after,  a.  second  planet,  l'alla»,  was  added  fo 
the  list,  and  this  greatly  disturbed  the  views  of  the  prophets  of  the 
first  discovery. 

The  able  astronomer,  Olbers,  who  had  discovered  Pallas,  then 
hit  upon  an  ingenious  theory.  He  considertd^  the  two  new  bodies 
were  fragments  of  a  planet  which  had  been  destroyed*  Now,  the 
laws  of  mechanics  indicated  that  after  such  a  catastrophe,  whatever 
might  be  the  cause,  the  fragments,  in  whatever  directions  they  might 
be  thro\!^^i,  ought  to  lie  at  the  same  mean  dist^ince  from  the  focus  of 
their  movements,  the  Sun  ;  and  should  pass,  moreover,  at  each  of 
their  revolutions,  thi^ongh  the  point  of  space  in  which  the  catastrophe 
took  place* 

Pallas  and  Ceres  very  nearly  fidfillcd  these  conditions,  and  it 
was  the  same  \Wth  the  third  planet  discovered,  Juno,  which  was 
SLippossed  to  be  a  third  fragment  of  the  hyijothetical  planet. 

The  researches  were  continu4?d  under  the  influence  of  these  views ; 
and  lastly,  Olbers  himself,  in  1807,  discovered  Vesta.  But,  curious 
contradiction,  this  discoverj^  which  it  was  expected  would  definitely 
consolidate  an  ingenious  and  otherT^"ise  rational  theory,  on  the  contmry, 
shook  it  to  its  foundations.  The  distance,  and  other  elements  of  the 
orbit  of  Vesta,  present^  serious  differences  both  with  this  theory 
and  Bodo's  law  ;  and  both  have  since  received  their  eoifp-dr-f/r^fr,^ 

In  fact,  since  1845,  the  epoch  of  the  discovery  of  the  fifth  aste- 
roid, the  number  of  these  bodies  has  rapidly  increased,  and  we 
have  every  r^^on  for  believing  that  it  will  continue  to  do  so, 

*  The  plaact  Neptune,  the  last  of  the  known  planets  of  the  aolar  system  in 
the  order  of  distance,  is  far  from  satbfying  the  empirical  formula  of  Titiaa.  Its 
distance,  whieh  ehould  he  represented  hy  the  number  388,  is  in  reality  only  3<K}. 
Let  ua  adJ^  as  noticed  by  others,  that  the  first  number  of  the  fseriea,  that  which 
corresponds  to  Mercury,  is  not  formed  in  a  rcgidar  manner.  Instead  of  0  it 
should  be  I'o,  which,  hy  adding  4,  would  become  5'5,  whilst  the  true  distance  of 
iiercnry  is  3'87, 

It  seems,  however,  well  to  retain ^  as  an  aid  to  the  memory,  the  scries  we  owe 
to  Titius  ;  it  is,  moreover,  intimat.ely  connected  with  the  hif^tory  of  Astronomy. 
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In  the  actual  state  of  discover)^,  the  84  Binall  planets  form  a  zone, 
ulmoi^t  entirely  confined  to  that  half  of  the  interval  hetweeu  Mara 
and  Jiipiter  nearc8t  to  IMiirs.  One  only,  Maximflianu,  whieh  18  con- 
sequently the  i'urtheet  from  the  Sun*  is  found  to  be  nearer  tu  Jupiter 
than  to  Mars.  The  breadth  of  the  zone  is  upwards  of  100,000,000 
miles  ;  *  but  (lirotighout  this  interval  the  phinet.s  are  very  irregularly 
distributed,  since  G4  are  situated  in  the  half  of  the  zone  nearest 
Mars,  and  18  only  in  the  other  half.  It  fbUowB,  from  these  num- 
bers, that  the  64  minor  planets  nearest  the  Sun  are  only  neparuteil 
from  each  other,  on  an  average,  by  990,000  miles,  or  less  thiui 
four  times  the  distance  of  the  Moon  from  the  Earth. 

Florti  and  Maximiliuna  are  the  names  of  the  two  extreme  planets  ; 
the  first  is  at  a  mean  distance  of  210,000,000  miles,  the  second  at 
a23,000>000,  80  that  the  middle  of  the  zone  is  266,000,000  from  the 
central  body.  The  distance  of  the  Earth  from  the  Sun  being  re- 
presented by  10,  this  List  distance  would  be  representetl  by  28, 
— 'the  term  of  Bode'a  aeries,  which  at  first  pointed  out  the  gap  ;  but 
the  uneven  distribution  of  the  minor  planets  much  reduces  the  value 
of  this  coincidence. 

We  have  seen  that,  if  averaged,  the  orbits  of  these  bodies  lie 
near  together.  If  we  compare  them  one  by  one  from  this  point  of 
view,  we  shall  find  the  real  distance,  in  some  eases,  to  he  much  smaller. 

The  orbits  of  Egeria  and  Astrea  are  separated  by  a  mean  interval 
of  50,000  miles ;  those  of  Eurydice  and  Cljiie  30,000  ;  lastly,  Leto 
tind  Bellona  are  only  20,000  miles  apart.  But  it  must  be  well  un- 
derstood  tliat  these  nmnbers  do  not  apply  to  the  planets  themselves, 
first,  because,  at  a  given  e|>och,  they  are  found  in  very  ditferent 
directions,  and  also  because  their  orbits  are  more  or  less  elongated, 
and  the  pianos  in  which  they  move  are  very  diversely  inclined. 

The  forms  of  the  orbits  are  far  from  being  circular.  The  least 
elongated  of  all,  that  of  Freia,  is  propcjrtionatcly  much  more  elliptiral 
than  the  orbits  of  the  Earth,  Xeptune,  or  Venus,  which  are  the 
nearest  to  the  circular  forai  among  the  orbits  describcn^l  l*y  the  bcxlies 
of  our  solar  system.  The  most  elongated  is  the  orbit  of  I*olyhj^mnia, 
of  which  the  mnjor  axis  surpasses  the  minor  axis  l>y  one -third 
of  it^  length,  which  causes  between  its  greatest  and  least  distances 
from  the  Sun  a  difierence  of  184,800,000  miles.  Fig.  83  shows 
the  form  and  relative  size  of  these  two  orbits,  compared  with  c^ich 
other  and  with  that  of  the  l^arth. 

The  planes  in  which  the   telescopic  planets  move  are  very  di- 

♦  This  breadth  is  incrciised  to  248,(MX>,0(:k)  miles,  if  wc  take  the  extreme 
distances  into  accoiiul 
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versely  inclined  to  each  other.  In  comparing  them  with  the 
plane  of  the  Earth's  orbit,  it  is  found  that  some  among  them, 
those  of  Massilia  and  Angelina,  for  example,  nearly  coincide  with 
it ;  whilst  the  orbit  of  Pallas,  as  may  be  seen  in  Plate  I.,  rises  at  an 
angle  of  34^  that  is  to  say,  nearly  Jths  of  a  right  angle.* 

It  now  remains  to  us  to  terminate  this  general  sketch,  by  saying 
a  word  on  the  times  occupied  in  their  revolutions  round  the  Sun. 


FreM* 
Fig.  83.— Orbits  of  Proia  and  Polyhymnia,  compared  together,  and  with  that  of  the  Earth. 


These  periods  are  comprised  between  1193  and  2310  mean  solar  days, 
that  is  to  say,  between  3  years,  3  months,  and  7  days,  and  6  years, 
3  months,  and  28  days,  which  mark  the  length  of  the  years  of  Flora 
and  Maximiliana  respectively.  It  happens,  as  it  docs  also  with  the 
mean  distances,  that  some  of  the  asteroids  perform  their  journey  roimd 
the  Sun  in  times  almost  equal.  In  the  case  of  Egeria  and  Astrea  the 
difference  is  not  more  than  half  a  day ;  for  Eurydice  and  Clytie  a 

*  These  cousiderable  inclinations  have  caused  the  name  of  rdtrorzodtacal 
planets  to  be  given  to  the  asteroids  ;  as  a  great  number  of  them,  in  consequence 
of  their  inclination  are  observed  out  of  the  zone  in  which  the  principal  planets 
move. 


THE  MINOK  PLANETS. 


2K 


quarter  of  a  day ;  and,  lustly,  Loto  and  Bc?llona  accomplish  their 
revohitians,  one  in  1G88'21I5  days,  the*  other  in  1688%546,  that  is 
to  say,  with  a  difference  of  alx)Ut  six  hours  and  two  minutes  only. 
Thi^  is  a  flireet  conBeqiience  of  one  of  the  laws  of  Kepler,  wbieh  con- 
nects the  time  of  revolution  and  mciin  distances  of  the  pkinets  of 
the  system. 

We  will  now  pass  under  review  some  of  the  principal  bodies 
of  this  group,  and  see  whether  we  have  yet  discovered  any  facts 
relating  to  their  dimensions  and  physical  constitution. 

Veda  is  the  most  brilliant  of  the  entire  family.  It  is  visible  to 
the  naked  eyi?  in  a  very  clear  sky,  and  its  light,  a  palish  yellow, 
is  whiter  than  those  of  the  three  planets  discovered  before  it. 
It  takes  three  years  and  eight  months  to  accomplish  its  entire 
revolution  roimd  the  Hun*  at  a  mean  distance  of  228,000,000  miles. 
As  its  orbit  m  relatively  but  little  elongated,  there  is  only  a  differ- 
ence of  4,000,000  miles  between  its  perihelion  and  aphelion.  Its 
real  diameter,  measured  by  Jladler,  is  alx*ut  800  miles,  not  the 
twenty-fifth  pirt  of  the  diameter  of  the  Earth,  so  that  the  surface 
of  our  globe  comprises  nearly  700  times  that  of  Vesta.  Here, 
then,  is  a  planet,  the  entire  suriace  of  which  contains  but  the  nintli 
part  of  the  European  continent.  The  volume  of  the  Earth  is  nearly 
18,000  times  that  of  Vesta. 


Jifuo  has  the  aspect  of  a  star  of  the  eighth  magnitude,  and  is, 
consequently,  invisible  to  the  naked  eye.  Its  coloin-  is  reddish,  and 
its  light  is  subject  to  variations,  which  are  not  lees  remarkable  than 
the  rapidity  with  which  they  are  accomplished.  Tliis  phenomenon 
is  not  pecidiar  to  Juno ;  it  is  observed  in  Vesta— which  sometimes 
becomes  very  bright, — in  Ceres,  and  in  many  other  of  the  minor 
planets.  Several  h}^>otbeses  have  been  suggested  to  explain  this 
fact.  Some  suppose  that  the  different  faces  of  these  small  bodies 
do  not  reflec^t  the  solar  light  with  the  same  intensity;  that  some 
are  formed  of  crystalline  l^icets,  or  even  have  a  light  of  their  own. 
Others  believe  that  the  small  planets  are  irregularly  fonned,  pre- 
senting to  us  consequently  sometimes  very  extensive,  and  at  others 
very  limited,  surfaces.  Whichever  b}^wthesis  we  admit,  both  take 
for  gmntt^  a  roiaiioth  Perhaps,  in  studying  with  care  the  periods 
of  these  variations,  we  may  learn  the  durations  of  these  rotatory 
movements,  M*  Goldschmidt,  who  ranks  almost  highest  among 
li\4ng  astronomers  in  this  branch  of  research*  has  nlready  made  some 
inttTesting  observations  with  this  object  in  view. 
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Juno  recedes  from  the  Sun,  at  aphtilion,  to  a  distance  of  nearly 
;iOO,000,000  miles  ;  at  pmhelion,  it  upproafhos  within  180,000,000 
miles  ;  lieiieo  its  mean  diiitimoe  is  nbout  240,000,000,  and  tlierc  is 
a  difference  of  120,000,000  miles  between  its  extreme  distances.  Its 
orbit  i8  far  I'rora  liaviog  a  ciroidar  form, 

MjuUer  estimated  the  diameter  of  the  planet  at  300  milea  ;  whii.-h 
IS  thus  22  times  Ic«s  than  that  of  the  Earth,  and  its  surface  is  u  little 
more  extensive  than  that  of  Vcstu.  It  travels  over  its  orbit  in  1592^ 
days,  or  in  4  terrestrial  years  and  4  months. 


Ceri%  the  56th  of  the  group  in  the  order  of  distance,  and,  as 
has  hec^n  seen,  the  first  in  the  order  of  distovery,  appears  as  a 
reddish  star,  the  brightness  of  which  is  intermediate  between  that 
of  Juno  and  Vesta. 

An  illustrious  observer,  Schroter,  thought  he  detected  in  the 
vapoipus  iippwiranee  of  its  disk  the  proof  of  the  existence  of  a  very 
extensive  atmosphere.  The  same  seemed  to  hold  good  for  Pallas, 
and  he  cone  hided  that  tliese  two  planets  were  surromided  \>ith  a 
gaseous  envelope  of  500  miles  in  thickness.  Since  his  time  it  has 
boon  foimd  that  these  appearances  were  due  to  the  imperfection  of  his 
telescoiK*. 

Ceres  revolves  round  the  Sun  in  1(380^  duys,  at  a  mean 
distance  of  260,000,000  miles.  But,  at  its  minimum  distance, 
it  is  nenrer  by  42,000,000  miles  tbnn  at  its  greatest  distance. 
The  heat  and  light  received  from  the  Sun  by  these  bodies,  the  dis- 
tance of  which  varies  in  such  considerable  proi>ortions,  vary  also 
lietween  rather  wide  limits.  But  as  nothing  is  known  of  the  phy- 
sical constitution  of  Ceres  or  of  the  condition  of  its  surface,  it  is  im- 
possible to  draw  certain  conclusions  from  these  data  relative  to  the 
actuiil  variations  in  the  planet's  temperature. 

The  diameter  of  Ceres  has  been  measured  several  times.  But  the 
results  are  not  concorthint ;  whilst  it  is  450  miles  according  to  Sc-hrtitcr, 
it  is  only  160  according  to  Sir  W.  Ilorschel,  and  Argt4ander  valued 
it  at  220.  If  we  adopt  tliis  last  number,  we  find  thnt  the  surface 
of  Ceres  is  only  the  l^iOOlh  part  of  that  of  the  terrestrial  gh>be,  mi 
that  46,000  globes  as  large  as  the  planet  would  be  required  to  equal 
the  volume  of  the  Earth. 


We  now  pass  to  Pallmy  which  revolves  round  the  Sun  in  1683| 
days,  in  an  orbit  nearly  as  elongated  as  that  of  JunOi  greatly 
inclined  to  the  plane  of  our  t*cliptic,  and  at  a  mean  distance  of 
260,000,000  miles.     At  it*i  aphelion,  PaUas  is  320,000,000  miles  away 
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from  the  Sun,  whikt  ut  its  least  distance  it  is  scarcely  200,000,00(L 
At  the  time  of  its  neareat  {ippfoach  to  the  Earth,  Pallaw  has  the  as]>LH.'t 
of  a  star  of  the  seventh  mag^mtnde,  of  a  heautiful  yellow  colour. 
Its  diameter  has  been  eatimLtted  iit  tJOO  miles.*  It  is  the  mast  inqKirt- 
ant  of  all  the  smaller  planet.^, 
although  its  diameter  is 
13  tunes^  its  aurfaeo  168 
times,  find  its  volume  3177 
times  less  than  that  of  our 
Earth,  All  these  numbers, 
it  win  be  underatoodj  are 
merely  approx^imate,  and  we 
give  tliem  prineipally  in 
order  that  a  elear  idea  may 
be  formed  of  the  relative 
importance  of  all  the  ce- 
lestial bodies  of  our  system, 
clearer  still. 


Fiif- J>1.- 


Juno,  CtiitMi,  Piillu,  nod  Vestik 


Fig,  84  should   mate   this   point 


The  four  planets  of  which  we  have  just  given  some  details  are 
among  the  most  impjrtant  of  the  group.  The  smallnesa  of  nearly 
all  the  others  is  such,  lliat  it  is  not  possible  to  measure  their  diamotei's  ; 
as  they  api>eur  in  a  telescope  merely  as  himilious  p<»ints.  It  is  pro- 
bable that  the  least  of  these  microscopic  bodies  have  diameters  which 
do  not  reach  many  score  miles,  so  that  their  surface  is  less  thiui  thnt 
of  one  of  our  English  counties.  JI.  Lespiault^  from  whom  this  com- 
parison is  borrowed,  adds  that  a  good  walker  could  easily  in  a  day 
make  a  tour  of  mnny  of  these  miniature  worlds. 

How  long  shall  we  go  on  making  discoveries  of  fresh  bodies  in 
this  zone  between  Mara  and  Jupiter  ?  This  is  a  difficult  question 
to  Sfjlve,  but  it  is  probable  that  wo  are  now  acqutiiiUed,  ifnotwitb 
the  largest  of  the  minor  planets,  at  all  events  \%ith  all  those  most 
easily  vi.sible  from  the  Earth »  The  diseovery  of  others  will,  thereforr. 
become  more  and  more  flifficult,  and  the  extension  of  their  nmubcr  is 
partly  subordinate  (o  the  use  of  larger  instruments  in  the  research, 
and  more  detailed  celestial  maps.  At  all  events,  31,  Leverrier,  fi-om 
mathematical  considerations,  has  assigned  to  the  totul  mass  of  the 
lK)dies  M'hich  compose  the  ring  such  a  limit,  that,  if  we  suppose  them 
to  possess  a  density  equal  to  that  uf  om*  own  globe,  those  already 
discovered  form  only  the  tV<J0^^  W^  ^^  ^^'     "^^^^  would  make  the 
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number  of  the  minor  planets  about  150,000.  But,  admitting  that  this 
nuDiber  may  be  exccasivts  and  in  reducinfi;  it  to  the  tenth  of  its  value, 
this  sworm  of  celestial  bodicsi  will  still  be  counted  by  thousands. 

We  have  heard  so  often  during  the  last  twenty  years  of  the  dis- 
coveries of  new  asteroids,  that  some  of  our  readers  may  be  interested 
to  know  the  way  in  which  these  discoveries  are  made.  Let  us  hv^hi 
by  stating  that  it  is  not  chanco  that  presides  over  these  researehe^s. 
From  the  discovery  of  Piazzi  down  to  our  uwii  time,  it  is  only  by 
special  and  systematic  examination  that  our  knowlege  of  the  solar 
system  has  been  increased  in  such  an  astonishing  mamier. 

It  is  not,  as  we  have  alrefidy  said,  by  its  aspect,  that  a  planet 
is  distinguished  in  the  mickt  of  the  starry  vault  from  the  multitude  of 
luminous  points  which  surround  it ;  and  this  remark  applies  especially 
to  these  small  bodies,  the  diameter  of  which  is  insensible.  It  is 
by  its  proper  motion, — by  its  progressive  displacement,  that  it  is 
recognised.  How.  then,  can  this  be  detected  ?  By  using  very  de- 
tailed celestial  maps,  containing  all  the  very  small  stars,  and  inces- 
santly watching  the  regions  mapped  for  the  appearance  of  new^  ones. 
Such  is  the  first  sifie  qnd  nou  ibr  such  a  research,  and  the  astro- 
nomer who  undertakes  the  construetion  of  celestial  maps,  exet-utetl 
with  the  necessar}^  detail  and  precision,  is  of  necessity  the  fellow- 
labourer  of  him  who  aetuaD}^  discovers  the  planets*  Let  us  add, 
that  often  these  two  coUaborafeurs  are  one  and  the  same  person. 

It  is  not  necessary  to  explore  the  entire  sky.  It  is  sufficient  to 
examine  the  regions  nearest  the  ecliptic,  because,  as  the  orbit  (»f  a 
planet  must,  necessarily,  twice  in  each  revolutiou,  pass  through  the 
plane  of  the  orbit  of  the  Earth,  it  is  enough  to  look  out  for  the  body  at 
one  or  other  of  these  nodal  passages. 

Fig.  85  reproduces,  on  a  reduced  seale,  one  of  the  maps  con- 
structwl  by  a  dLstinguished  observer,  M,  Chacormic,  to  whom 
astronomy  owes,  besides  numerous  observations  of  diftcrent  kinds, 
the  discovery  of  eight  telescopic  planets. 

This  nu!p  includes  all  stiirs  down  to  tlie  thirteenth  magniturle. 
Furnished  with  a  map  of  this  kind,  and  a  telescope  powerful  enough 
to  show  all  the  stars  marked  on  it,  the  observer  who  intends  to 
devote  himsell*  to  the  seurch  after  small  planets  will  proceed  in  the 
following  manner : — 

He  will  place  in  the  field  of  vie^w  of  his  telescope  six  spider  lines 
at  right  angles  to  each  other,  and  all  of  them  the  same  distance  apart, 
in  such  a  manner  that  several  sqaares  will  l>e  formed,  emlrracing  just 
as  much  of  the  heavoHs  as  do  t.ho*«e  shown  iu  the  map.     He  will  then 
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clrrect  his  telescope  to  the  region  of  the  sky  he  wishes  to  examine,            ^^M 

representee!  by    the  map,   **o  as  to  be  able   to  compare  successively            ^^H 

each  fttiuarc  ^nth  the  correspoiidiii^  |K^rtion  of  the  sky.                                 ^^M 

Me  can  then  asaure  himj^elf  if  the  numbera  and  positions  of  the            ^^M 

^^H         stars  mapped,  and  the  stars  observed,  are  identical.      If  he  observe            ^^M 

^^H         in  the  field  of  view  a  lurainons  point  which  in  not  marked  in  the  map,            ^^M 

^^B         i^  ^^  evitlent  that  ihis  can  only  arise  from  two  causes,  if  the  map  be  well            ^^M 

made.   It  may  be  that  the  new  body  is  a  star  of  variable  brightness,  and            ^^H 

^^^^H 

H 

1 

mu 

^^^^B                                                   Fig.  Hi.-^Etliptic  cluirt,  rrom  M,  CLucunuic'a  **8tAf  AtluD  *' 

^^H        that  it  was  not  visible  at  the  time  the  miip  was  made  ;.  or  indeed 
^^^H        it  is  a  planet.     It  then  becomes  necessary  to  distinguish  between  t 
^^H         two  possible  cases.     We  must  examine  whether  the  new  body  rem 
^^^H         invariably  fixed  at  the  same  point,  or,  on  the  otber  hand,  if  it  ehai 
^^H         itsiwsition  witli  regard  to  the  neighbouring  stars,    Tlie  proper  ma 
^^^m        IS  generally  so  sc^isible,  that  in  the  course  of  one  evening  the  chi 
^^^m         oi*  position  nmy  be  detected.     In  this  last  case  a  new  phmet,  or  perl 
^^^^^^  a  comet,  has  been  discovered. 

hese           ^^M 
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Fig,  86,  which  represents,  on  tlio  left  the  map  itself,  on  the  right  - 
the  field  of  \iew  of  the  instrument,  will  be  suffieient  to  give  an  idea  of 
the  manner  in  which  thi.s  residt  is  attained.     The  stars  shoi^Ti  in  both 
are  the  stinie,  and  in  the  field  of  view  of  the  telescope  is  seen  the  new 
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body,  which,  absent  from  the  niiip,  by  its  successive  positions  indi- 
cates the  presence  of  a  body  belonginj^:  to  our  solar  system. 

It  is  scarcely  neeessar}'  to  add  after  this  that  tliese  researches 
are  not  only  laborious,  but  demand  the  greatest  patience  inid  watch- 
fidness,* 

*  In  IHGl  nine  minor  planets  were  discoveretl,  in  18G2  five,  and  in  1663-4 
«ix  only.  If  we  supposo  the  watch  kept  c»>nstiint,  tlicre  ia  here  exhibited  a 
decrease,  resulting  apparently  from  a  downward  inarch,  which  may  be  explained 
by  tljG  fact  that  the  minor  planets  actually  iliscovei'ed,  be  tug  tlic  largest  of  the 
group,  the  others  more  and  nioro  escape  observation.  The  hyjio thesis  of  a  largo 
number  of  asteroids  is  not  shakeo. 


b. 
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Distances  of  Jupiter  from  the  Earth  and  Sun— Real  and  apparent  Dimensions — 
Movement  of  Rotation  ;  Daya  and  Nights — Years  and  Seiisona — Dark  and 
Light  IteJta  ou  its  Disk  ;  Atraosphoro — Satellites,  their  Movements  antl 
Diatances — Eclipaes  of  the  Satellites — Their  real  DimeosioDS. 


From  that  region  of  space  where  we  have  just  seen  the  smallest 
members  of  our  system  circuliitiug  in  their  orbits,  we  pass  without 
transition  to  the  larn^ost  planet— the  colossal  Jupiter. 

To  ibe  naked  tve,  Jupitor  appears  as  a  star  of  the  first  magnitude, 
the  brightness  of  which,  variable  with  its  distance  from  fbe  Earth,  is 
sometimes,  when  the  !Moon  is  absent,  sufficient  to  throw  a  shadow. 
Its  light  is  constant,  and  scintillates  but  rarely.  But  if,  to  examine  it, 
a  rather  powerful  telescope  is  used,  the  point  expands  into  a  well- 
defined  disk,  and  in  generally  seen  to  be  acconii>i»nied  by  three  or 
four  little  pcants  of  lights  which  oscillate  in  short  periods  of  time 
roimd  the  central  planet :  these  are  the  satellites  of  Jupiter. 

Yenus,  Mcrctiry,  and  Mars,  as  wo  have  seen,  are  without 
satellites;  the  Earth  has  only  one.  Jupiter,  with  it.s  four  moons, 
which  the  powerful  attraction  of  its  bidk  compels  to  revolve  round 
him,  exliibits  to  us  tbcrcfore  a  Hmall  system  analogous  to  the  solar 
one  of  which  it  forms  part  und  which  it  reproduces  on  a  smaller  scale. 

To  arrive  in  our  journey  from  the  Sun  as  I'ar  as  the  Jovian 
system,  we  must  pass  over  a  distance  which  exceeds  five  times  the 
mean  distance  of  the  Sun  from  the  Earth,  or,  in  the  mean,  neurly 
500,000,000  miles.  But  the  orbit  dest^ribed  by  Jupiter  roimd  the 
Sun  difiers  from  the  circular  ibmi  more  than  does  tlie  Earth's.  Its 
distance,  thcrefure,  is  more  variable,  and  while  at  perihelion  it 
reaches  4T2;000,000  miles,  at  its  greatest  distance  it  is  not  lesjrj  than 
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520,000.000  miles  from  the  Sun,  the  difference  being  therefore 
48,000,000  miles. 

Jupiter,  therefore*  as  seen  from  the  Sun,  presents  an  apparent 
diameter  sometimes  greater,  sometimes  less,  than  its  mean  one ;  and  of 
course  the  same  phenomenon  is  seen  by  observers  situiited  on  the 
Earth,  but  in  a  much  greater  proportion.  Fig,  87  will  give  an  idea 
of  the  variations  of  size  which  the  disk  of  Jupiter,  at  the  times  of 
its  mean  and  extreme  distances   from   the  Earth,  presents  to  us. 

The  reason  of  this  ditference  between  the  apparent  diameters  of 
the  disk  is  easily  explained.  The  orbit  of  Jupiter,  like  that  of  Mars» 
encircles  the  terrestrial  one,  and  the  motions  of  the  two  bodies  in 
their  respective  orbitm  brings  theni»  once  in  ever}'   13  months,  in  the 
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-  Apporaut  itiineuBioiia  of  Jii|4tei'  at  iU  tDeou  oufl  axtrome  dlatanccti 
iTiMn  thu  Earth. 


same  straight  line  with  the  Sun,  and  on  tbo  same  side  of  it ;  Jupiter 
is  then  in  ojfjjosifiofi,  and  its  distance  from  the  Earth  is  measured  by 
the  difference  of  the  distances  of  the  two  bodies  frtjm  the  Sun*  In  a 
similur  periofl  the  two  planeta  are  still  in  n  straight  line  with  regard 
to  tlie  iSun,  but  on  opposite  sides  of  it.  This  is  the  rtwjuHctkm  of 
Jupiter,  and  the  distance  of  the  two  planets  is  found  by  adding  their 
respective  distances  from  the  8un.  Tliese  distunces  themselves  are 
sometimes  smaller  and  sometimes  greater  thafyat  others,  and,  there- 
fore, the  same  thing  happens  with  regard  to  those  which  separate 
the  Earth  from  Jupiter  at  tlie  time  of  oppoHifion  and  eofijfuteihn. 

At  its  grattest  distance  from  the  Earth,  Jupiter  is  617.000,000 
miles  from  us;  at  opposition  it  may  be  within  375.000,000  miles;  but 
in  the  mean,  the  distance  of  Jupiter  at  conjunction  w^th  the  Sun  is 
0!>1,000.000  miles,  and  at  oppositicai,  400,0O0JM)niiiihNs,  thoih^tference 
being  the  diameter  of  the  Eiirtb's  orbit. 
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From  the  precoding  numbers  we  may  perceive  the  immense  de- 
velopment of  the  orbit  deticribed  by  this  member  of  our  planetary 
system.  Thus,  to  travei'Be  this  path,  it  requires  12  years.  This  gives 
a  mean  rate  of  upwards  of  700,000  miles  a  day,  or  nearly  30,000 
miles  an  hour. 

The  movements  with  which  we  ure  acquainted  on  the  Karth  can 
give  us  no  idea  of  such  a  mass  travelling  eternally  through  the  depths 
of  space  with  a  velocity  80  times  greater  than  that  of  a  cannon-ball. 

We  look  upon  the  volume  of  the  Earth  as  imnienHc  when  we 
compare  it  to  the  objet^ts  which  we  arc  in  the  habit  of  seeing  about 
us ;  but  how  much  more  stupendous  is  the  size  of  Jupiter,  which  is 


^[g.  M.^Compamih'e  dimeuBloiu  of  Juptber  nml  thtt  Eu^h. 

1400  times  larger  than  our  globe  !  This  value  has  been  deduced 
from  the  real  diameter  of  the  planet,  which  has  in  turn  been  deduced 
from  its  apparent  size  and  real  distance. 

Fig.  HH  gives  an  idea  of  the  comparative  dimensiona  of  the  Eorth 
and  the  planet  which  we  are  about  to  describe.  Tlie  diameter  of 
Jupiter  is  nearly  11  times  greater  than  that  of  the  Earth,  bi'ing  89,000 
miles.  Seen  at  the  distance  of  the  Moon,  this  immense  globe  would 
appear  to  ue  with  a  diameter  34 J  times  larger  than  that  of  our 
satellite,  and  its  disk  would  embrace,  on  the  celestial  vault,  1200 
times  the  space  that  the  full  moon  occupies. 

The  form  of  the  globe  of  Jupiter  is  not  that  of  a  perfect  sphere  : 
it  is  an  ellipsoid,  flattened,  like  the  Earth,  at  the  poles  of  rotation. 
But  w- hilst  the  |>olar  compression  of  the  terrestrial  spheroid  is  but  about 
ji^th,  that  of  the  globe  of  this  immense  planet  is  j^th,  so  that  there  is 


between  the  polar  diameter— the  smallest,  and  the  equatorial  diameter, 
u  difference  of  4900  miles,  which  gives  i'or  thv  flatt'Oniiig  of  each 
pole  2450  miles. 

This  elliptical  lurni  is  very  ])erceptihle  in  the  telescope ;  it  i«  per- 
ceived at  once,  withont  any  measurement.  The  drawlng;^^  which 
accompany  our  description  convey  a  gmxl  idea  of  this  fliittenecl  form. 

If  it  lie  true,  as  physical  experiments  and  geolog'ical  fucts  tend  to 
show,  that  the  planets  are  bodies  the  primitive  state  of  which  was 
fluid,  the  elliptical  fonn  of  fhcir  meridians  is  but  a  consctpienee  of 
their  rotation.  The  Hatteiiing  oi'  a  sphere,  therefore,  gives  risi^  to  the 
idea  of  its  rotation  round  an  axis  wliich  passes  through  its  centre. 

Venns,  the  Etirtli,  ^fnrs,  have  movements  of  rotation  —  is  it.  the 
simu'  witli  Jupiter  Y     It  is,  and  the  velocity  of  its  movement,  taken  in 
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connexion  with  its  small  density,  explains  ai  niire  the  extent  ot  the 
flatteinng  to  whii?h  we  refer,  whicli  has  been  carefully  measured, 

Verj'  early*  observations  of  the  planet  demonstrated  the  rotatory 
nmvejnent  of  Jupiter.  This  was  accomplished  by  observing  the 
movement  of  the  spots  tm  its  surface.  We  give  two  views  of  the 
planet,  after  Beer  and  Madlcr,  at  an  interval  of  37  minutea  15  scK^onds, 
which  ch'arly  show  the  a]>parent  displacement  of  the  two  dark  spots 
prmlaced  by  this  movement. 

This  immense  globe  revolves  on  itself  in  about  10  hours  (9 
hours  55  miflutes,  2H  seconds.)  A  point  sihiated  on  the  etjuator 
of  Jupiter  travels,  theretore,  by  virtue  of  this  nmvement,  eight  miles 
a  second,  or  27  times  an  rapidly  us  one  situated  on  our  etpuitor. 

*  Cassiiii,  in  UHm,  first  measured  the  time  in  whidi  this  rotation  is  accom- 
plished. AfLer  him  we  must  meatiou  Sir  W.  Hunsflnjl,  Airy,  Bour,  uad 
Miidler. 
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The  rotation  of  Jupiter  of  course  produces  the  phenomena  of  day 
and  night  on  the  planet.  But  as  the  axis  of  rotation  is  very  little 
inclined  to  the  plane  of  the  orbit,*  there  w  but  little  differenec  in 
their  length,  the  niaximum  of  which  in  five  hours,  for  the  greater  por- 
tion of  the  surface,  throughout  the  length  of  the  planet^s  long  year. 
Two  very  narrow  zones,  situated  at  the  two  poles,  comprise  those 
regions  of  the  planet  where  the  duy  and  night  exceed  the  time 
of  rotation.  At  the  poles  themseU'^es,  the  Sun  is  \4Bible  for  nearly 
six  years,  and  remains  set  aftcrwui'ds  for  a  like  period. 

The  seasons  arc  also  very  slightly  varied  on  Jupiter;  at  least  at 
any  given  i>IaceJ  Smmner  reigns  during  the  whole  year  in  the 
7.ones  nearest  to  the  equator,  whikt  the  temperate  regions  rejoice  in 
a  perpetual  spring,  those  which  surround  the  poles  being  subject 
to  a  conttiiual  wmter.     Nothing  is  known  as  to  the  real  climatic  or 


Fi^  !>0.— Indiiifttiou  of  the  axiw  of  Jupiter  to  the  j^Lmu  of  iU  orLlL 

meteorological  conditions  of  these  seasons.  At  Jupiter's  distance 
from  tlie  Hun,  the  light  and  heat  of  that  radiant  body  only  ix)sse8a 
but  a  small  fraction  of  their  intensity  at  the  distance  of  the  Earth  ; 
hut  this  diminution,  consequent  upon  the  increasing  distance,  may  bo 
compensiited  by  physical  conditions*  such  as  a  greater  density  of  the 
atmosphere,  a  higher  caloritic  or  luminous  capacity  of  the  matters 
composing  the  soil.  Does  the  globe  of  Jupiter  still  possess  an  internal 
beat  considerable  enough  to  raise  the  temperature  of  the  crust  to 
an  extent  sufficient  to  make  up  for  the  relative  feebleness  of  the 
solar  heat  ?     These  arc  questions  on  w*bich  science  is  still  silent. 

Jupiter's  year  is,  as  we  have  said,  equal  to  about  twelve  of  ours: 
to  be  exact,  the  length  of  his  year  is  4232-j*^  days,  or  11  years,  10 

♦  The  augle  of  iuclination  is  nearly  a  right  angle — it  is  about  87^ 
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months,  14  days,  19  hours.  It  follows,  therefore,  that,  measured  m 
sidereal  days  of  the  phniet,  the  year  of  Jupiter  €oni prises  10,478  rota- 
tions, or  10,477  Joviuii  sidereal  days.  From  tlit^se  numbers,  it  is 
easily  found  that  between  the  sidereal  and  solar  day  oi'  Jupiter 
there  m  scareely  three  seconds  diflerence — that  is,  three  of  our 
seconds. 

Seen  from  the  Earth,  Jupiter  does  not  present  perceptible  phases  ; 
it8  great  distance,  and  the  fjiet  that  its  orbit  is  m  fur  removed  Irom 
our  owi\  and  away  from  the  Sun,  render  a  reason  tor  this,  which  of 
course  does  not  in  any  way  aftect  what  we  have  said  concerning  the 
planet's  days  and  nights.  \Vc  posses.^  decisive  proofs  that  the  planet 
does  not  shine  by  its  own  light  ;  and  we  may  remember  that  Mars, 
at  a  less  distance  iroin  the  Earth  and  Sun»  presents  only  small  indi- 
cations of  phases. 

We  must  now  look  upon  the  planet  from  a  physicid  point  of  view. 
What  we  know  of  the  planet's  physical  constitution  has  been  derived 
from  observations  of  the  belts  or  patches  of  ditfercnt  shades  which 
girdle  the  planet  in  a  direction  parallel  to  its  equator.  The  draw- 
ings we  have  already  given  indicate  these  appearances,  but  to  give 
oiu-  readers  the  best  idea  ix)s,sible,  we  reprtwluce,  in  Plate  XVI.,  a 
magniiicent  drawing  by  Mr.  De  La  Rue, 

Broad  greyish  belts  stretch  across  the  disk,  north  and  south  of 
the  equator,  and  between  these  a  brigliter  [often  rrise-colourt^l]  space 
marks  the  equatorial  regions.  On  either  side  of  the  principal  belts 
approaching  the  polar  regions,  other  nuiTOwer  bands  are  seen, 
sometimes  dark,  sc^metimes  b"ght.  The  brightness  of  the  disk  is 
decidetUy  more  feeble  at  the  poles. 

With  a  low  magnifying  ptiwer  these  belts  seem  perfectly  straight, 
but  under  l^etter  optical  conditions  it  is  ensy  to  see  numerous  irregu-^  j 
la ri ties  and  transverse  markings,  vandyking  and  crossing  the  moi*© 
visible  features  in  various  directions,  in  the  middle  even  of  the  bands. 
One  important  circumstunce  is,  that  the  dark  bands  do  not  reach  the 
iMjrders  of  the  disk. 

Independently  of  the  bright  and  dark  belta,  spots  of  various  forms 
are  seen ;  and  it  is  by  the  observation  of  these  points  that  the 
time  of  rotation  has  been  detennined.  The  s|>ots  and  belts  vary 
besides  in  toiTri  and  position.  On  several  occi».sions  one  or  other  of 
the  two  large  dark  belts  has  entirely  disappeared.  This  hapi)cned 
to  the  northern  belt  in  lS;j4  and  18^i5. 

It  is,  theUj  con.sidcred  certain  that  these  plienomena  are  atmo- 
spheric, and  the  parallelism  of  the  strata  of  clouds  is  very  naturally 
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oxplaiiK'd  l)y  llie  diroi'tion  tin*!  vekmity  of  the  rotation.  The  fqiia- 
tHriuI  rrgifiiis  *>!' Jiipitrr  iirv  donhth'HH  rc'»ifioo8  nf  *>ri'at  ueritil  nirrcnts, 
analu*i^nis  to  the  trade- winda  of  our  pliiiiet — with  this  ditfV'rcnce, 
however,  m  vvunirkvil  by  Ani^i^,  that,  the  dirt^'tioii  in  whieb  the 
chRid*helt.s  nmvc  is  n|jpoHite  to  tluit  of  our  own  trade-wiiids. 

The  variubility  of  position  of  the  irregular  8pot8  indieuten  a  proper 
motion  ;  aecordin^  to  Beer  and  Miidler,  the  rapidity  of  their  dis- 
[>lacement  h  alx>ut  100  niih'S  a  day,— the  velocity  of  a  b'ght  wind  on 
onr  Earth.  We  have,  thereibro,  no  reas^in  for  supj>osing  the  existence 
of  violent  tempests  and  hurricanes,  which  were  at  first  inia^i^iiictL 
We  may  hold,  on  the  contrary,  that  the  Jovian  meteorologaeal  phe- 
nomena are  produced  very  calmly.  The  long  year  of  the  planet, 
flu!  slight  and  gradnal  variations  of  its  seasons,  the  no  doubt  con- 
siderable density  of  its  atmosphere,  the  force  of  gravity  at  its  surface, 
are  so  many  facts  which  tend  to  produce  a  great  atmospheric  stability. 

The  mass  of  Jupiter  equals  -i'iH  times  that  of  «*ur  ghibe,  whilst  its 


¥ig,  iU.— Jupiter  tuiU  its  Four  aatoUitm, 

volume,  as  we  have  seen,  exceeds  the  Earth's  nearly  1400  times. 
This  gives,  for  the  matter  of  which  it  is  formed,  a  mean  density  less 
than  a  quai-ter  of  the  terrestrial  density.  It  is  a  third  mtn-e  than 
that  of  water :  it  is  easy  to  conjecture  that  the  strata  forming  the 
surface  have,  at  most,  the  density  of  water.  Is  the  surface  of  Jupiter, 
then,  in  a  litpiid  state?     Here  observations  fail  ns. 

Four  luminous  points— four  small  starsr — unceasingly  accompany 
Jupiter  in  its  twelve -yearl}^  revolution.  They  are  cairily  observnl 
wilb  suiidl  telescopes. 

Fnim  hour  to  hour  their  j>ositions  vary,  and  they  seem  to  oscillate 
from  one  side  to  the  other  of  the  disk,  in  paths  ne^irly  pitrallel  to  the 
diriH'tion  of  the  In^lts,  that  is  to  say,  to  the  erpiutor  of  Ju[>iter.  These 
are  its  ukmjhh  nr  satellites.  They  are  besides  frequently  seen  to  dis- 
ap])ear,  one,  two»  and  even  three  at  a  time*.  ^It  sonn4inu*s,  i!Td<*47d, 
even  hajjpcns  that  not  one  of  the  fotu*  is  A'isible."^  Jupiter  then 
appears  alone,  deprived  of  its  conipanioni*.     This  state  of  thiugs  wa^ 
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observed  by  Mr.  Dawes  on  the  27th  of  September,  1843.     But  it  only 
happens  very  rarely. 

Taking  these  satellites  in  the  order  of  their  distances,  the  times 
of  their  revolutions  are  as  follows : 


First  satellite  (lo)  *    .    . 
Second     „      (Eui^pa)   . 
Third       „      (Ganymede) 
Fourth    „      (Callisto)    . 


1  day,  18  hours,  28  minutes. 
3    »y     13      „      14       „ 
7    „      3      „      43       „ 
16    „     16      «      32       „ 


In  comparing  these  times  with  that  of  the  revolution  of  the  Moon, 
it  is  seen  that  the  movements  of  the  satellites  of  Jupiter  are  much 


Fig.  92.— The  Jovian  system .    Orbits  of  the  Satellites. 


more  rapid  than  that  of  our  Moon.  This  rapidity  is  the  more 
marked,  as  their  distances  from  the  planet,  and  therefore  the  lengths 
of  their  orbits,  are  more  considerable  than  in  the  case  of  our  satellite. 
Measured  froiri  the  centre  of  the  planet,  the  mean  distances  of  these 
satellites  are,  of  lo,  278,000  miles ;  of  Europa,  443,000 ;  of  Gany- 
mede, 707,000;  and  of  Callisto,  1,243,000.  These  distances  are,  of 
course,  the  radii  of  their  orbits. 

The  orbits  of  the  two  first  satellites  are  nearly  circular ;  those  of 
the  other  two  are  more  elongated.     But  on  the  scale  on  which  figure 
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92  presents  the  syBtera  of  Jupiter  to  us,  these  elongationg  are  im- 
perceptible. 

The  total  space  occupied  by  this  iiiterestmg  system  measures 
nearly  2^  millions  of  miles  in  diameter. 

The  study  of  the  other  phenomena  observable  in  the  Jovian 
system  presents  great  interest.  Among  these  phcnomeno,  we  must 
especially  mention  eclipses. 

Jupiter,  like  all  celestial  bodies  not  self-luminous,  casts  into  space, 
in  the  direction  opposite  to  the  Sun,  a  cone  of  shade,  the  axis  of  wliich 
18  alway^^  situatcHl  in  the  plane  of  the  orbit,  and  the  length  of  wliieh 
is  proportionate  to  the  dimensions  of  the  planet  and  its  distance  from 
the  Sun.  Now,  the  three  first  satellites  revolve  round  Jupiter  in 
phuiea  but  little  inclined  to  the  planet's  orbit,  so  that  at  each  revo- 
hit  ion  they  puss  through  the  cone  of  nhade;  thereby  causing,  to  them- 
selves an  eclipse  of  the  Sun,  and  to  Jupiter  an  eclipse  of  its  satellites. 
From  the  Earth,  wo  can  distinctly  see  the  disappearance  or  immersmt 
of  the  satellitea  in  the  planet's  shadow,  m  also  their  reappearances  or 

The  fourth  satellite  also  undergoes  eclipse,  but,  on  account  of  the 
much  greater  inclination  of  the  plane  of  its  orbit,  these  eclipses 
are  less  frequent.  Sometimes  it  grazes,  as  it  were,  the  limit  of  the 
cone  of  shade,  and  the  small  loss  of  light  which  the  satellite  under- 
goes shows  us  that  it  is  but  partially  eclipsed. 

The  nights  of  Jupiter,  then,  are  illuminated  by  four  moons,  which 
are  to  be  seen,  sometimes  singly,  sometimes  together,  above  the 
horizon,  and  which  may  present  at  the  same  time  all  the  varj'ing 
phases  of  our  single  satellite.  The  nearest  appears  to  the  inhabitants 
of  the  planet  with  dimensions  nearly  equal  to  those  of  the  Moon  seen 
from  the  Earth.  It  is  always  eclipsed  when  fuU,  that  is  about  every 
42  hours,  or  ftnir  of  Jupiter's  days. 

The  second  and  third  satellites  in  the  order  of  distance,  seen 
from  Jupiter,  appear  of  equal  apparent  diameter — a  little  more  than 
half  of  that  of  our  Moon:  their  eclipses  take  place,  for  the  second, 
every  85  hoiirs,^ — 8^  of  Jupiter's  days;  and,  for  the  third,  at 
successive  intervals  of  171   hours,  or  17^  of  the  planet's  days. 

Jupiter's  moons,  at  eitch  of  their  revolutions,  pass  also  between 
the  planet  and  the  Sun.  At  the  time  of  each  new  Moon,  then,  as 
their  distances  are  such  that  the  cone  of  shade  which  they  throw 
behind  them  reaehes  the  surface  of  Jupiter,  they  give  rise,  on  the 
regions  they  pass  over,  to  eclipses  of  the  Sun,  cither  partial  or  total. 
These  phenomena  are  also  visible  from   the  Earth,  and  Plate  XVI. 
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represents  Jupitor  at  the  moment  when  the  shadow  of  a  satellite 
appears  on  the  disk  in  the  form  of  a  small  black  dot,  whilst  the 
satellite  itself  is  seen,  a  small  bright  circle,  on  the  greyish  belts  of 
the  planet.  The  three  first  satellites  are  never  subject  to  simul- 
taneous eclipses ;  this  follows  from  a  law  of  their  motions  and  rela- 
tive distances,  discovered  by  Laplace. 
.    This  consequence  is  only  applicable  to  eclipses  properly  so  called. 
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Fi^f.  03.— Eclipses  aiui  (lasangCH  of  tho  Siitullitcs  of  Jupiter,  nccn  from  ihc  Karlb. 

that  is  to  say,  to  the  passages  of  the  satellites  through  the  cone  of 
the  planet's  shadow.  But  to  an  observer  placed  on  the  Earth,  a 
satellite  may  disappc^ir  without  undergoing  an  eclipse  ;  it  may  pass 
behind  the  disk  of  the  planet  and  be  occulted. 

Lastly,  as  mentioned  above,  it  may  happen  that  during  \\iq 
disappearance  of  the  three  satellites,  the  fourth  is  between  the  Earth 
and  the  planet.  Then  the  planet  equally  appears  solitary  and  de- 
prived of  its  companions. 

Figure   03  will   render   clear  the   various   positions   which   the 


siitelliteH  mny  neriqiy  with  roforeiife  to  the*  Eartli,  (*nr  of  tliem 
ill  this  fin-urc  IS  rqm^*iOTlt«l  oclipf^wl,  tlii'  other  i.s  stn^n  prf»jc'cttHi  on 
the  disk,  on  wliich  iilso  its  shadow  is  thrown  i  a  third  is  hiikh  ii  hy  the 
plaiiet,  aiid  the  fourth  is  entirely  visible. 

We  have  soon  what  are  the  upparent  diinensioiis  of  the  four 
satellited,  as  seen  from  Jupiter,  coiiipuretl  to  the  uppiUT'iit  i^ize  of  our 
Moon«  But  we  must  not  confoitud  the  apparent  with  the  real 
diameters.  It  fnllows,  from  the  measures  made  by  afttronomers,  that 
the  diameter  of  the  first  sateUite  is  2410  mik's;  of  the  seeomb  21J^2  ; 
ni'  the  third,  ♦3571) ;  and  of  the  fourth,  f30<>2  miles.  So  the  thinl  and 
fourth  in  the  order  of  distance  are  the  hrst  and  sL'Cond  in  i*rder  of 
mat^^nitiide;  one  only  is  less  than  our  Mmm  ;  taken  toj^et her,  they 
wtadd  form  a  body  9|  tinier  hirger  than  it,  or  about  one-Kfth  of  the 
volume  of  the  Eurtli- 

Laatlv,  the   volume   of  the   largest   exeeeds   by   two* thirds   the 


Fi^. 9t  —  Bifii«nMon»  oftha  Bfttcllilcd  f*(  Jupiter  cotnpAred  with  Ih* 
uiid  tin'  Hi^u. 


volume  of  the  planet  Mercury.  Here,  then,  we  have  a  secondarj^ 
body  larger  than  a  ])rimary  one  tif  the  first  order,  and  far  surpassing 
In  size  those  whieh  eireubte  between  Mars  and  JupJten 

Sir  W.  Herst^hel  studied  with  great  care  the  variations  of  bright- 
ness of  each  sutellite,  and  found  that  they  oeeurred  in  each  periotl 
of  revolution.  He  benee  imaf^ined  tluit  this  variability  was  owing 
to  the  nature  id*  the  faees  whieh  each  of  the«e  bodies  successively 
presents  to  the  lilarth.  It  ftiUows  from  these  observations  that,  as 
in  the  ease  of  the  Moon,  the  saiue  face  is  always  turned  towards  the 
primary  :  thin  of  course  would  render  the  times  of  rotation  and 
revobition  equaL  The  disks  of  the  third  and  iourth  satellite  present 
8}X)ts  whirh  are  represented  in  the  preceding  dra\\4iag  (fig.  94). 

There  is  another  point.     These  rarKjns  can  be  distinguished  not 
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only  by  their  dimensions  and  the  brightness  of  their  light,  but  also 
by  their  colour.  According  to  Beer  and  Madler,  the  first  and 
second  satellites  have  a  bluish  tint,  especially  when  compared  with 
the  third,  the  light  of  whic]^  is  yellow.  Some  difference  in  colour 
is  certain,  although  contrast  may  go  for  sonibthing.  The  light  of 
the  fourth  satellite  is  bluish,*  like  that  of  the  first  two. 

[Bringing  our  Mars  observations  to  bear,  we  might  almost  be 
justified  in  supposing  these  varying  colours  to  be  caused  Igr  diflferent 
distributions  of  land  and  water.] 

The  united  masses  of  Jupiter  and  its  four  satellites  are  the 
f^^yth  part  of  the  mass  of  the  Sun;  that  of  Jupiter  alone  is 
6000  times  the  mass  of  its  satellites,  or,  as  we  have  said,  338 
times  the  mass  of  our  Earth.  Lastly,  Jupiter  exceeds  in  mass 
all  the  other  bodies  of  the  solar  system,  the  Sun  excepted,  by  2^ 
times. 

r*  The  light  of  the  fourth  satellite  is  reddish,  decidedly.— W.  R.  D.] 
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Its  Exceptional  PLyaical  Constitution— Distances  of  Satura  from  the  Suu  and 
from  tlitj  Eartli  —  Apparent  and  reiU  Diinenaiona — Movement  of  Rotation  and 
Polar  Uompresaion — Days^  Nighta,  and  iJk'asons^ — Rings  ;  Movement  of  Rota- 
tion— Satellitea — Celratial  I'henomena  to  an  Inhabitant  of  the  Planet. 


If  Jupiter  be  the  liirgeat  planet  of  the  sokr  system,  Sutuni  is  by  fur 
the  most  gorgeously  attended  among  the  »econdiiry  syatems  of  which 
that  system  itself  is  composed. 

Not  by  four  only,  but  by  even  eight  satellites,  is  the  central  planet 
encircled  ;  and  if  these  eight  moons  in  their  re^'olutions  do  nut  give 
rise  to  eclipses  as  frec^uently  as  do  those  of  Jupiter,  the  inhabitants  of 
Sutum  possess  a  much  stranger  gpcetacle,  one,  as  far  as  we  know, 
HHtque  in  the  plaiietarj^  system;  we  allude  to  the  wondrous  ring- 
system  which  stirrounds  the  planet  at  some  distance  from  its  equator, 
and  revolves  etei-nnlly  round  it.  Thus,  then,  we  see  that  the  further 
we  go  in  our  exploration  of  the  solar  system,  the  more  have  we  to 
acbnire  the  wonderful  variety  in  the  constitution  of  the  bodies  which 
t>enple  it.  Now  we  have  to  deal  ivith  isolated  planets,  such  as  ilercury, 
Venus,  and  Mars ;  now,  with  sueh  a  group  of  celestial  pigiuies  as 
the  telescopic  planets ;  and,  again,  with  matter  more  finely  divided  still, 
like  the  Zodiacal  light,  and  the  shooting  .stars.  Then  we  find  the 
Earth  accompanied  by  a  single  l[<K>n  in  its  annual  revolution  round 
the  common  focus ;  and,  histly,  the  group  of  large  planets,  which 
arc  not  only  distinguished  by  their  enonnons  dmiensionSt  but  by 
the  numWr  of  secondary  bodies  maintained  in  their  sphere  of 
attraction,  which  with  their  primaries  form  real  systems  in  minia- 
ture. 

Up  to  this  point,  however,  whatever  may  have  been  the  variety 
of  the  elements  of  each   planet,   there  has  been  a  common  jxiint   of 
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rcsemblunec — tlio  form  cif  oach  has  Utii  u  re^nilur  spheroid.  Nor 
have  tltt'  revi'lations  of  the  telescope  taught  uh  that  the  phiiiets 
which  we  liave  alre^idy  de?H*ribed  are  surroiiiidecl  with  anything;  save 
the  sateOites  we  have  (les^rrilx'cL 

[Tlie  first  peep  at  Saturn,  however,  infinitely  extendi  our  mentnl 
hnrizon  ;  beside.s  eight  satellites,  it  is  surroundt^d  by  a  system  of 
rings,  i!*onie  shining  w^ith  u  golden  light,  other.s  transparent;  and 
it  may  jjossibly  be,  that  the  Zodiacal  b'ght,  and  the  meteoric  an<l 
asteroidal  rings*  iiKty  be  to  the  San  what  Satuni\s  ring>ii  are  Ut 
Sutuni — an  innanuTable  company  of  watelliteti,  na  the  sands  on  all 
sho]\i8  for  multitude.] 

Before^  however,  describing  tlie  rings  of  Saturn  in  detail,  as 
they  deserve,  wo  nm»t  chronicle  the  principal  ustronomical  data  ol' 
the  planet  itself. 

The  mean  distance  of  Saturn  fnmi  the  Snn  exceeds  1>|  times 
that  of  the  Earth,  a  distance  exprcsscHl  by  the  enormous  num- 
ber (>f  900,000,000  miles, —  not  far  from  double  the  distance  of 
Ju]nlcr.  Seen  from  such  a  distance,  the  solar  disk  is  reduced  to  the 
}iinidrt*dth  of  its  apparent  size  to  us  ;  and  it  is  in  this  projiortion 
that  the  intensity  of  the  liglit  and  heat  is  reiluced,  ujJess  there  be 
some  compensating  power  in  its  atniuspbere. 

Hie  orbit  of  Satuni  is  not  circular ;  it  has,  like  that  of  the  other 
planets,  the  form  of  an  ellipse,  of  whitdi  the  Sim  does  not  occupy  the 
centre,  but  the  focuis.  The  planet  is  therefore  siunctimcB  nearer  to» 
and  sometimes  more  distant  from  the  radiant  body.  At  its  periliclion 
and  aphelion  respectively,  these  distances  are  858,000,000  and 
900,000,000  miles.  Tliere  is,  therefore,  between  the  extreme  dis- 
tances a  difference  of  s(nne  100,000*000  miles.  From  these  numbers 
it  is  easy  to  deduce  the  length  of  the  path  describtMl  by  Satnni  in 
his  long  year  of  10,760  of  our  days,  or  29  years  167  days-  Satuni 
travels  along  this  orbit  with  a  mean  velocity  of  529,000  miles  a-day, 
or  22,000  miles  an  hour.* 

If  Saturn,  by  reason  of  the  elliptical  form  of  its  orbit,  approaches 
more  or  less  to  the  fot*us  of  the  wolur  system,  it  is  easy  to  understand 
that  its  distances  from  the  lilarth  must  vary  still  more,  according 
to  the  relative  positions  of  the  two  planets  and  the  Sun.  It  is  at 
opi>osition  that  they  are  nearest;  at  conjunction,  on  the  contrary, 
their  distance  is  much  more  eoneiderable.     These  two  periods  occur 

*  If  this  velocity'  he  compared  with  those  that  wc  have  given  for  the  planets 
lying  between  the  Sun  and  Saturn,  we  shall  see  that  the  movement  of  the 
planets  in  their  nibits  is  slower  as  the  diiiUmce  incivsyses.  This  ia  a  direct 
coasetiueacc  of  a  law  of  Kepltr's,  of  which  more  anoii. 
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wt  interv^ids  of  378  days,  or  a  little  morf  tliun  a  ytnir.  But  the 
maximiuii  or  iiiiiiiiiuiin  distances  tLt^riiHi'lvea  vary,  from  one  jx^rtod  to 
anotluT,  because  each  of  the  two  planets,  according  to  the  pinnt  iif 
it8  orbit  whieh  it  oeeiipics,  is  itsell'  more  or  less  removed  from  the  >^un. 
The  distance  of  Saturn  from  the  l^^rth  may  vary  between  l,057jt)00,000 
and  761,000,000  miles.  This  difference  of  296,000,000  miles  pro- 
duces, ix»  may  be  imagined^  a  cor r esponf ling  variatit*n  in  the  ap^m- 
rent  dimensions  of  the  planet :  tig.  95  shows  between  what  limits  that 
variation  lies, 

NevertbelesB,  as  seen  from  tlie  Earth,  Saturn  always  appears 
under  the  aapect  of  a  star  of  the  first  magnitude,  which  our  beat 
telescopes  present  to  as  under  the  fonn  oi*  a  8]>heroidaI  globe,  sur- 
romided,  as  we  have  seen,  with  a  rin^  brighter  than  itiH-»ll'. 

Let  us  continue  to  consider  but  the  nucleus  of  this  singular 
system.  Its  distance  being  known,  it  in  easy  to  deduce  its  real 
dimensions  :  these  show  Saturn  to  be  the  second  of  the  principal 
phmets,  OB  far  as  its  size  is  concerned. 


Fig  !»'•  —  A r  f '  iu'ut  dimc'tulotis  of  Sottiru  &l  It*  rsttramii  nod  memn  distoiicca  from  tlto  Earth* 
showing  also  the  diflervnt  apfitiiiKUicoa  pTudontcd  by  ita  riug-tTBtem, 

As  it  turns  rapiiUy  on  one  of  its  diameters,  it  is  much  flattened 
at  the  poles  of  rotation,  so  that  it  is  necessarj^  in  gi\ing  its  dimen- 
sions, to  dii^tingiush  between  the  axis,  or  jx^hir  diameter,  and  that 
of  its  eqiuitor.  'WTiile  the  latter  measures  U^  times  more  than  that 
of  the  Earth's  mean  diameter,  or  75,100  mib?s,  the  fonner  is  only 
8^  times  greater,  or  68,'270  mik»H.  The  difference  of  6830  miles 
represents  a  flattening  of  -j'jth,  that  of  the  Earth  being  j^otb,  or 
26  miles. 

To  make  a  tour  of  this  immense  globe,  taking  the  shortest  way, 
its  inhabit  ants  would  have  to  travel  nearly  21-ltOOO  miles  passing 
through  the  poles,  or  230,000  along  the  equator. 

These  distances  are  less  than  on  Jupiter,  but  they  are  more  than 
nine  times  greater  tlian  those  of  our  globe.  These  dimensinns  give 
a  surface  of  16,055,000,000  square  miles,  and  a  volume  more  than 
776  times  greater  than  that  of  our  Earth. 

But  the  mass  of  this  euormuHs  spheroid  is  far  from  being  com- 
parable wilb  its  volume  —  at   least,   if  we  compare  this  with  that 
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of  the  Earth  :  it  k  but  a  little  more  thun  100  times  greater*  (102'683)- 
This  indicateB,  on  the  Buppdwition  that  it  is  equally  dense  throughout, 
that  it  18  eom[K>sed  of  mutter  seven  times  lighter  than  the  materials 
of  our  Earth,  and  consequently  le«8  dense  than  wat^^r ;  [in  fact,  about 
the  density  of  ouk  or  sulphuric  ether.] 

The  rotatory  movement  of  Siituiii  has  been  determined  by 
observations  of  the  dark  bands  whieh  cross  the  disk  in  a  direction 
parallel  to  its  equator;  the  inequalities  of  these  bands,  by  their 
periodical  return,  have  enabled  astronomers  to  calculate  the  time  of 
rotation,  which  is  10  hours,  29  miimtes,  17  seconds. 


F!g.  00.— Stttam  and  lh«  Earth ;  Compfkraava  dimeiiiitoDA. 

Here,  then,  we  find  one  of  the  largest  planets  with  a  i>eriod  of 
rotation  less  than  half  those  of  Mercury,  Venus.  Mars,  or  the  Eetrth. 
Day  and  niglit  succeed  each  other  on  the  average  at  intervals  of  five 
hours,  but  the  length  of  the  year,  which  comprises  24,631  complete 
rotations^  or  24,fi80  solar  days  f>f  Saturn,  causes  the  seasons  to  modify 
the  Icngtlis  of  day  and  night  but  very  slowly. 

As  to  the  seasons  themselves,  they  are  much  more  varied  than 
on  Jupiter,  since,  owing  to  the  considerable  inclination  of  the  axis 
to  the  plane   ol'  the  orbit, f  Saturn  presents  to  the  8un  sometimes 


"*  That  is  the  riotb  part  i>f  iho  mass  of  the  Hmu 
[t  Ttiis  Inclination  i«  (i;f  lo'  :ii"J 
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one,  and  sometiines  the  other*  of  !t«  poles  of  rotation.  For  the  same 
place  on  its  uurikce,  the  altitude  of  the  Sun  above  the  horizon  is  still 
more  variahle  than  on  the  Eartli  ;  but  if  we  msh  to  fonii  an  idea  of 
the  ehange  of  tcinperatiire  due  to  this  cause,  it  is  inqwirtant  to  remark 
that  the  altitude  of  which  we  speak  varies  thirty  times  less  rapidly 
than  with  U8.  Each  of  Saturn's  seasons  lasts  more  thiin  seven  of  our 
years,  und  there  is  nearly  fifteen  years'  interval  between  the 
autumn  and  spring  equinoxes,  and  between  the  summer  and  winter 
solstices. 

But  we  should  have  but  an  incomplete  idea  of  the  phenomena 
presentecl  hy  the  days,  nights,  and  seascms  of  Satnm,  if  we  did  not 
take  into  account  the  modifications  prcKluccnl  in  these  elements  by 
the  existence  gf  the  annular  appendages  by  which  this  magnificent 
planet  is  surroundedj  and  by  the  presence  on  the  horizon  of  the  eight 
satellites  which  escort  it  in  its  long  revolution  of  thirty  years.  The 
drawings  given  in  Plate  XVII  show  Saturn  as  it  was  observed,  at 
an  interval  of  nearly  three  years,  in  two  points  of  its  orbit,  distant 
enough  to  nioclify  j3<?rceptibly  its  position  relatively  to  the  liarth  and 
the  Sun  ;  all  the  details  of  the  disk  and  of  the  rings  perceived  by 
the  most  powerful  instruments  are  faithfuUy  reproduced. 

At  the  time  of  the  discovery  of  this  strange  system,  telescopes 
had  just  been  invented.  The  imperfections  of  these  instruments 
threw  GtJileo,  says  Arago,  **  into  great  perplexity.'*  A  letter  to 
the  Grand  Buke  of  Tuscany  informs  us  that  Saturn  seemed  to  him 
frieorpH.  **  WTien  I  observe  Satuni,"  he  remarks,  **  with  a  glass  of 
a  power  of  more  than  thirty  times,  the  central  bwly  seerus  the  largest ; 
the  two  others,  situated  one  on  the  ea^t,  the  other  on  the  west,  and 
on  a  line  which  does  not  coincide  with  the  directitm  of  the  zodiac, 
seem  to  touch  it.  They  arc  like  two  suppnters,  who  help  old 
Satuni  on  his  way,  and  always  remain  at  his  side.  With  a  gljiss 
of  smaller  msignifying  power,  the  planet  appears  elongated  and  of  the 
form  of  an  olive." 

Saturn  subsequently  appeared  to  the  illustrious  astronomer  per- 
fectly round,  lie  regarded  his  preceding  observations  as  optical 
illusions,  and  in  his  disappointment  exclaimed,  "  Can  it  be  |KjSsible 
some  demon  has  mocked  mc  ?  '*  This  is  the  first  record  we  have  oi' 
the  disiippearance  of  the  rings,  of  which  more  presently.  Iluyghens 
subsequently  observed  these  appendages  of  Saturn,  and  he  first 
gave  the  explanation  which  the  theory  of  the  planet's  motion  and 
the  employment  of  more  powerful  instruments  have  definitely  con- 
finned. 

[Most  tmcouraging  is  the  chapter  of  the  history  of  Modem  Aatro* 


244 


THE  SOLAK  SYSTEM, 


nomy  whicli  tells  ua  how  eye  and  mind  have  bridged  over  the  tre- 
iiicTiduuM  i^ap  which  Hoparates  its  froiti  the  phmet^  We  have  seen 
by  degrcH^H  a  ring  evolved  out  of  the  triform  planet,  and  the  great 
di vision  in  the  ring  and  the  irregnlurities  on  it,  brought  Uy  lights 
Enceladus,  and  coy  Mimas,  faintest  of  twinklers,  are  caught  by 
Ilerst^hers  giant  mirrt>rs,  and  he,  too,  first  among  men  realises  the 
wonderful  tenuity  of  the  ring  along  which  he  saw  those  satellites 
travelling,  **  like  pearls  strung  on  a  silver  thread."  Then  Bond  comee 
on  the  tield,  and  fumiyhea  evidence  to  show  that  we  mtist  mnltiply 
the  number  of  separate  rings  we  know  not  how  many  fold*  And 
here  we  rccich  the  golden  age  of  Katumian  discovery,  when  liond* 
with  the  giant  refrai^tor  of  Cambridge,  U.S.,  and  Dawes,  with  his 
eagle  gaze  and  ft j- inches  Munich  ghiss,  first  beheld  that  wonderful 
dark  semi-transparent  ring  which  still  remains  one  of  the  wonders  of 
our  system.  But  the  end  is  not  yet ;  ere  summer  on  the  southern 
surface  of  the  ring  fades  info  autumn,  Otto  Struve  in  turn  comes 
upon  the  field,  dct<^:ts,  as  Dawes  had  previously  done,  a  division  even 
ill  the  dark  ring,  and  measures  it  while  it  is  iinnsibk*  to  IjasseD's  mirror 
— ^a  proof,  if  one  were  needed,  of  the  enormous  superiority  piissessecl 
by  refractors  in  such  inquiries.  Then  we  approach  1861,  when  the 
ring^plane  agjiin  passes  through  the  Earth,  and  OttoStmve  and  Wray 
observe  those  curious  nebulous  appeunmces,  of  which  more  anon*] 

We  know  indtHxl,  now,  that  surrounding  Saturn,  and  neiirly  in 
the  plane  of  its  equator,  is  extended  a  system  of  rings  which  may  ^Je 
broadly  divided  into  three,  of  unequal  breadths :  of  these  the  thiekne«8 
is  relatively  very  sinall*  The  exterior  ring,  the  one  furthest  from  the 
planet,  is  separat^Ml  from  the  intennediate  one  by  a  very  distinct 
break,  whilst  the  interior  ring,  that  ncjirest  to  Saturn,  seems  joined 
on  to  the  second.  Their  brightnesses  are  very  different :  the  inter- 
mediate ring,  the  most  brilliant  of  the  three,  is  more  luminous  than 
the  globe  of  Haturn  ;  the  exterior  ring  is  of  a  greyish  tint,  nearly  of 
the  same  shade  as  the  dark  bands  of  the  disk*  Both  of  these  are 
opaque,  and  throw  on  Saturn  a  very  distinct  shadow.  The  interior 
ring,  on  the  contniry,  is  dusky,  and  almost  of  a  purple  tinge,  and 
transjmnint ;  it  stands  out  on  the  glol)e  of  Saturn  as  a  dark  band, 
through  which  the  luminous  disk  is  readily  seen,  [and  without  dis- 
tortion,] 

[Let  us  dwell  for  a  moment  on  this  transparent  ring,  the  phy- 
sical features  of  which  are  perhaps  less  remarkable  than  the  fact  that 
it  was  not  discovered  till  1850,  and  had  been  entirely  overlooked,  if  it 
existed,  till  then,  not  only  by  all  ordinary  observers,  but  by  Herschers 
great  telescopes.     When  Bond  and  Dawes  discovered  it,  it  was  by  no 
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means  easy  of  observation,  but  now  it  may  be  seen  in  a  four-inch 
afbromatic.  Another  remarkable  fact  is  the  probable  increa^  in  width 
since  the  time  of  its  discovery,  which  we  shall  see  subsequently  to  have 
4m  im|K)rtant  bearing  on  one  of  the  bypotheaes  suggested  to  account 
for  the  entire  appendage.] 

In  order  that  a  clear  idea  may  be  obtained  of  the  positions  and 
breadths  of  the  rings,  we  give  in  tig*  97  a  view  of  the  system,  such 


Fi^%  :i7.— tStr.L'a-cyo  View  ^i ii^Lturu  ^j^  iU  tiJ4^  ^.jsiXllu 

as  would  be  obtained  by  an  observer  placed  above  the  plane  of  the 
rings  in  the  prolongation  of  the  planet's  polar  axis. 

The  exterior  diameter  of  the  outer  ring  is  173,500  miles,  and  its 
inner  diameter  153,000  miles;  its  breadth,  therefore,  is  10,000  miles. 
These  dimensions,  for  the  middle  ring,  are  respectively  150,000, 
113,400,  and  18,300  miles.  The  distance  which  separates  these  two 
rings  is  1750  miles.  The  dark  ring  joins  the  middle  (or  bright) 
ring.  The  spjace  between  its  interior  edge  and  the  surface  of  the 
planet  ie  10^50  miles;  its  breadth,  therefore,  is  9000  miles.     Tbe 


246 


THE  SOLAR  SYSTEM. 


entire  breadth  of  the  ring'System,  therr^fore,  is  39,050  miles,  It« 
tliiekncsH  is  probably  not  more  than  100  miles. 

Can  then,  Himii  a  material  system,  whether  solid  or  liquid,  sustain 
itself,  without  point  of  eontaet  or  support,  in  a  constant — or  nearly 
constant — position  with  regard  to  the  phi  net  ?  And,  if  so,  how  do  its 
different  parts  resist  the  *'  pidl  "  which  the  attraction  of  Saturn  ex- 
ercises on  each  of  them  ?  It  would  seem  that  this  immense  bridge 
ought  by  degrees  to  break  up,  and  then— catastrophe  fur  beyond 
unytliing  the  faee  of  heaven  bus  yet  presented  to  man's  eye — be 
prtM'ipitated  in  unutterable  and  headlong  fidl  upon  the  surface  oi* 
the  planet. 

LjilJjiee  first  considered  this  problem.  He  showed  that  it«  equi- 
librium etadd  not  be  possible  and  stable,  unless  tlie  section  of  the 
ring,  of  elliptical  form,  presental  in  several  points  inequalities  of 
breadth  or  curvature.  Observation  has  sbo^Ti  that  these  conditions 
exist*  as  the  centre  of  gravity  of  the  ring  does  not  coincide  with  that 
of  the  planet,  and  slow  oscillations  in  their  relative  jx^sitions  take 
place.  Moreover,  be  showed  that  there  w^as  another  essential  ccm- 
dition — the  ring  ought  to  rotate  in  its  plane  with  a  velot?ity  of  Utile 
more  than  ten  hours.  Herschel  imngined  that  he  had  also  detected 
this  rotation,  which  thus  ii greed  with  the  result  of  cahndation.  His 
observations,  made  in  1790,  gave  a  period  of  rotation  of  10  hours, 
JJ2  minutes. 

[Since  this  time,  however,  Laplace's  investigation  has  been  shown 
to  be  insufficient,  und  Pierce  and  Maxwell  have  in  turn  demonstrated 
that  the  rings  are  not  solid,  und  are  not  liquid  ;  and  their  non-solidity 
appears  to  be  shown,  not  only  by  the  variable  trainee  of  divisions  in  the 
ring  and  the  appiuirance — may  we  not  almost  say  the  birth  ? — of  the 
dark  ring,  but  by  the  possible  increase  in  the  breadth  of  the  ring- 
system.  The  least  favourable  measure  of  the  width  of  the  ring  in 
Iluyghens'  time  gives  23,667  miles;  Herschel  found  it  20/297.  The 
most  modern  recorded  measurements  give  28,300,  so  that  if  we  accept 
these  measurements,  the  present  annual  increase  in  the  breadth  of  the 
ring  is  29  miles. 

Of  what,  then,  are  the  rings  composed  ?  It  is  now  held  by  some 
that  they  are  com|K)sed  of  Sah'l/ites^  and  it  has  been  pointed  out  that 
on  this  hj^thesis, — 

**  Tlie  temponiry  divisions  and  mottled  stripes  are  easily  ex- 
plained. It  is  conceivable,  fc^r  instance,  that  the  streams  of  sat- 
ellites forming  the  rings  might  be  temporarily  separated  along  arcs  of 
greater  or  less  length  by  narrow  strips  altogether  ch^ur  of  satellites, 
or  in  which  satellites  might   be  but  sparsely  distributed.     l>i visions 
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of  the  former  kind  would  appear  as  diirk  lines,  while  those  of  the 
lulter  kind  would  present  precisely  thiit  inottletl  up|»envunce  seen  in 
the  dusky  or  asb-coloui-ed  stripes.  The  tmnsjmreney  of  the  dark 
inner  ring  is  ea-sily  njiderstocnl  if  we  consider  the  tMitelJite«  to  be 
sparsely  scattered  throughout  that  Ibnmition,  The  fact  that  this 
rinj^  has  only  become  visible  of  lut€  years  no  longer  presentn  an  in- 
superable difficulty,  for  it  is  readily  conceivable  that  the  sjitellites 
forming  the  dark  ring  have  originally  belonged  to  the  inner  bright 
ring,  whence  collisions  or  disturbing  attractions  have  but  lately  pro- 
peUed  or  drawn  them.  The  gradual  .spreading  out  of  the  rings  is 
explicable  when  the  system  is  supposed  to  consist  of  satellites  only 
connec^ted  by  their  mutual  attractions  ;  while  the  thinness  of  the 
system  is  obviously  a  necessary  consequence  of  such   u   fiirination^ 


FUf.  08,— Saturn,  Dc-c.  »6.  lK«il.  at  18*  30i«",  (Wrmy.) 
IaiuiIuous  appondogoa  of  Ui«  ring.    The  siU^IUtea  oi  o  oUo  seen  apporetitly  oa  Ui«  ring. 

for  the  attraction  of  Saturn's  bulging  equatorial  regions  would  compel 
each  satellite  to  travel  near  the  plane  of  Saturn's  equator."* 

The  elliptical  shading  on  the  inner  bright  ring  at  the  ends  of  the 
ap]wirent  longer  axis  of  the  dark  ring,  which  is  represented  in  our 
figures,  and  has  been  a  sore  puzzle  to  our  observers,  also  finds  a 
possible  explanation  : — 

"  We  have  only  to  imagine  that  the  6at^?llite8  are  strewn  more 
densely  near  the  outer  edges  of  the  bright  rings,  and  especially  of 
the  inner  bright  ring,  and  that  this  density  of  distribution  gradually 
diminishes  inwards.  For  instance,  we  may  conclude  that  along  the 
inner  edge  of  the  inner  bright  ring  the  satellites  are  so  sparsely  strewn 
that,  at  the  extremities  of  the  apparent  longer  axis  of  that  edge,  the 
dark  hm-kifronml  of  the  Mkf/  bpromes  rij<tf//e  thrmgh  the  fjaps  hettreen  the 
mteliiim:* 

Mr,   Dawes  attributes  this  shading  to   the  overlapping  of  the 

*  Safurn  mid  iLi  Stfiteuiy  \k  118.  Thia  volume  furma  the  iiiobt  complete 
monograph  of  the  planet  yet  pabhiihcd. 


yellow,  but  more  of  a  livid  colour,  bro^Ti  and  blue,  Tlieso  upptniniiieus, 
oil  the  bj'fKjthe^is  to  whieh  we  refer,  iiro  8uppt>sed  to  be  duo  to  the 
NiitolHt€»3  drawn  out  of  the  plane  of  the  ring  by  the  attraction  of 
Saturu's  out  or  Hutellitc,] 


Fiff .  1  O0.~  ExpUiitttiwi  of  Uio  Phnatm  of  8fttiini*»  Hnic».    Poriodical  dliitptM»ruie«s  of  tbo  rin^ 

In  its  movement  round  the  Sun,  the  axis  of  Saturn,  like  that  of 
the  other  planets,  remains  parallel  to  it^Iil    The  axis  of  motion  of  the 


SATURN. 


249 


rings  18  also  constant,  and»  as  their  inclination  to  the  plane  of  the 
planet's  orbit  is  considerable,*  it  follows  that  the  Sun  sometimes 
illuminates  one  of  the  faces  of  the  system,  sometimes  the  other.  In 
two  diametrically  opposed  positions  in  Saturn's  orbit,  the  plane  of  the 
rin^  is  directed  to  the  Sun,  and  cx>nBequently  their  edge  only  re- 
ceives its  tight.  This  takes  place  at  the  vptK-h  of  Saturn's  equinoxes. 
What,  then,  are  the  appearances  presented  to  us  Earth -dwellers  P 
Evidently  that  the  rings,  by  an  effect  of  pei-spective  easily  gathered 
from  tig;  llH),  ap|jear  sometimes  more  and  sometimes  less  open; 
and  that  during  one-holf  of  the  planet's  year,  the  part  of  the  ring 
between  us  and  the  phniet  is  apparently  pn>je<*ted  on  the  northern 
herainphere  ;  and  during  the  other  half^  the  "  dip  '*  is  in  nn  inverse 


Fig,  UJl  — S«tum»  Nov,  44, 1S4S  (Bond)     LumtiMJUB  points  vlarfWfi  ucar  ^tt  period  of 
thio  riinpfieanukcc  uT  the  rmg. 


direction,  and  the  ring  is  seen  to  cover  a  part  of  the  south  hemi- 
sjihcre.  At  two  particidar  periods  the  ring,  being  only  illuminated 
at  f  he  e<lge,  disappears  entirely,  except  in  the  most  powerful  instru- 
ments, which  then  show  a  light  luminous  line  near  the  prolongation  of 
Saturn's  equator. 

We  give  two  drawings  which  represent  Saturn  in  this  particular 
position.  The  first  (fig.  101)  shows  the  planet  as  it  was  oliserved  by 
I*rofessor  Bond,  in  November,  1848.  The  other  (fig.  102),  which 
we  also  owe  to  the  same  astronomer,  gives  the  explanation  of  the 
luminous  points  recorded  in  fig,  101. 

*  [The  iMclination   of  the  Planet's  orbit  to  the  plane  of   the 

Ecliptic  is  . r  29'  sr 

The  inclination  of  the  plane  of  the  rings  to  the  same  plane  Lb  28    10  22] 
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[He  supposes  them  due  (as  the  Earth  was  not  in  the  plane  of  the 
t'uii^)  to  the  light  rofleeted  from  the  etlges  of  the  diffident  rings, 
whieh,  near  the  epoch  of  the  passage  of  the  ring-plane  through  the 
Hun,  received  the  Sun's  light.] 

Besides  this  cause  for  the  disiippeanmce  of  the  rnigs,  which  is 
independent  of  the  position  of  the  Earth  in  its  orhii,  and  depenck 
only  upon  the  passage  of  the  plane  of  the  rings  througli  the  iSun,  there 
is  another,  which  depends  upon  our  Earth,  passing  thi'ough  the 
plane  of  the  ring.  An  observer,  situatetl  on  our  globe,  would  then, 
equally,  only  soe  the  edge  of  the  ring  ;  he  could  observe  neither  the 
upper  nor  lower  surface,  but  merely,  near  the  time  of  passage,  the 
luminous  points  to  which  we  have  referred. 


Fig,  102— ExplaiiAtion  of  the  bxiUiiuat  poiJir*  obocrrod  near  the  epoch  of  tbe  dlKii>pisirttiitJO 

of  the  ring. 

There  is  still  another  cause  for  the  disappearance  of  the  ring, 
and  this  occurs  when  the  Eaith  is  on  one  side  of  the  plane  of  the 
rings  and  the  Sun  is  on  the  other.  At  such  times  obviously,  as  the 
dark  surface  is  turned  towards  us,  we  cannot  see  it. 

Such  appears  to  us  Saturn,  at  its  enormous  distance  irom  the 
Earth*  We  have  said  that  it  is  the  richegt  of  the  systems^  or  worhls 
ill  miniature,  ivhich  sm-round  the  Sun.  It  is  distinguished  from 
all  the  othei*s,  not  only  bj'  its  wondrous  rings,  which  bear  wit- 
ness, ptThaps,  of  the  method  of  formation  of  our  planetarj^  worlds, 
but  in  addition  by  eight  satellites,  the  incessant  revolution  of 
which  round  the  central  globe  adds  to  the  variety  of  its  celestial 
phenomena. 
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We  give  below  the  names  of  the  eight  mooiis  of  Saturn,  with 
their  diBtance*>  from  the  centre  of  the  plunct,  and  the  time  of  theii* 
revahition^  in  terrestrial  mean  solar  dava. 


Time  of  sidoiml  revahitioiia. 

d. 

h. 

TO.       a, 

Mirnus    .     . 

.     .       11Q,726       . 

.     .        0 

22 

37     23 

EticekduB  . 

.       163,030       , 

,     ,        I 

8 

63       7 

Teihjs    .     , 

.    .       190,225       . 

I 

21 

18     2« 

Dione     ,    . 

,     ,       243,670 

,     ,       -2 

17 

41       9 

liliea  .     . 

-     .      340,320 

4 

L2 

26     11 

Titnti 

.     .       78a,lU5 

,     15 

22 

41     25 

Hy|>erioii     , 

.     .       954,160       . 

.     .     'Jl 

7 

7    4r 

Japetus  .     . 

.     .    2,292,7SKJ       . 

.     .     7!) 

7 

54     40 

The  first  fom"  satellites  are  all  nearer  to  Sulnm  than  the  Moon 
is  to  the  Earth.     Mimu«  h,  morei>ver,  but  82,000  miles  from  8atiirn'i> 


Yiii.  103h— &itiirn  ami  Its  «ateUituft. 
(Sir  J.  Horediol.) 

surface,  and  Diono  about  206,000  ;  Mimas'  distances  from  the  eilgo 
of  the  ring  being  but  about  31,000  miles.  (_>n  the  other  hand,  Jajx^tus 
is  nearly  ten  times  more  distant  from  Saturn  than  we  are  from  our 
satellite,  so  that  the  diameter  of  the  Saturnian  system  measures  nearl)^ 
4,500,000  miles. 

Figure  104  shows  the  system  of  the  orbits  of  the  satellites^  sup- 
posing their  planes  coincident  with  the  plane  of  Saturn's  orbit. 
These  curves  are  not  circular  ;  but  their  excentricity  18  not  accurately 
known,  and  the  elliptical  form  would  not  be  perceptible,  on  the  small 
scale  we  have  adoptech 

We  see,  by  the  times  of  revolution,  that  the  movements  of 
the  satellites  are  extremely  rapid ;  their  phases,  therefore,  must  vary 
rapidly  to  the  inhabitimts  of  the  planet.  Mimas  passes  from  new 
to  full  moon  in  less  than  twelve  hours,  a  little  more  than  8atui'n*8  day. 
In  one  or  two  days,  the  four  following  moons  present  the  same 
succession  of  appearances.  Japctns  alone  accomplishes  its  entire 
cvululion  in  a  longer  time  than  our  hmai-  month.     The  twu  interior 
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satellites  and  Hj-perion  are  very  diilicult  to  observe,  and  require 
experienced  observers,  provided  with  the  most  jwwerful  iiistrumenta. 
The  remaining  live  satellites,  however,  are  well  seen  with  careful 
wittuhing  in  a  five-foot  achromatic.  The  diameter  of  Titan,  the  largest 
satellite,  has  been  me-asured.  It  is  about  the  sixteenth  part  of  that 
of  Saturn.     It  is,  therefore,  more  than  half  the  diameter  of  the  Earth. 


\ 


/ 


/ 


\ 


\ 


\ 


JIfig.  104 -^B(rfl*«-«ye  Viow  of  the  QrUtA  of  Satum'B  mtdlittis. 

Thus,  aB  in  tlie  case  of  Jupiter's  satellites,  one  of  the  secondary 
bodies  of  this  marvellous  system  exceeds  in  size  sucli  planets  as 
Mercury  and  Mat^  ;  its  volume  ia  about  nine  times  that  of  our  Moon, 

We  have  before  referred  to  the  days,  nights,  and  seasons  in 
this  planet.  It  will  be  readily  understood,  by  referring  to  what  we 
have  said  of  these  matters  in  the  case  of  the  Earth,  that  similar  varia- 
tions must  also  take  place  on  this  planet  in  a  given  place,  in  the  course 
of  the  year,  and  at  the  same  moment,  in  diiferent  latitudes. 

At  the  two  |>olea,  and  throughout  the  polar  zones,  these  varia- 
tions attain  their  maximum*    During  fifteen  of  oui*  years  the  Sun  docu 
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not  leave  the  north  pole,  and  a  night  of  the  same  length  envelopes 
the  mmth  pole  of  Saturn ;  the  reverse  phenomena  occur  during  the 
fil'teon  tbllowmg  years.  Doubtless,  an  intense  cold  is  the  consequence 
of  this  prolonged  privation  of  tho  rays  of  light  and  heat.  To  this 
long  winter,  and  the  ice  and  snow  with  which  the  polar  regions  are 
doubtless  covered,  may  perhaps  be  attributed  the  whitish  zone  which 
hii*4  been  remarked  round  the  poles ;  hut  at  such  a  distance  physical 
faints  elude  us,  and  we  must  rest  eont-ent  with  hypotheses. 

The  atmoaphere  of  Saturn  is  doubtless  very  dense,  es^jec^ially  near 
the  equat-orial  regions  ;  the  bright  belts  with  which  the  disk  is  girdli'd 
are  probably  produced  by  the  reflexion  of  light  from  immense  cloud- 
masses,  which  the  rapidity  of  the  movement  of  rotation  incessantly 
accuinuhites.  The  darker  belts  possibly,  as  we  remarked  in  the  cjise 
of  Jupiter,  indicate  a  more  serene  atmosphere. 

Let  us  imagine  ourselves  on  the  globe  of  Saturn.  Thence  let  us 
gaze  on  the  appearances  of  the  celestial  vault  during  the  day  and 
night. 

If  we  start  from  either  pole,  in  advancing  as  far  as  63**  of 
Satumicentric  latitude,  we  shall  traverse  those  regions  of  the  hemi- 
sphere where  the  ring  is  never  visible  ;  only  the  satellites  appear 
above  the  horizon,  and  present  to  the  spectator  the  varied  aspei^t  of 
their  phases. 

Leaving  this  latitude,  the  ring-system  begins  to  be  visible^  But 
it  is  only  during  the  two  seastms  of  spring  and  summer  that  the 
surtiice  of  the  rings,  tumt^l  towards  the  hemispht^re  where  we  are 
placed,  receives  the  rays  of  the  Sun,  and  lights  up,  by  reflexion,  the 
planet's  nights.  During  the  day,  their  arcs  send  forth  but  feeble 
light,  analogous  possibly  to  that  reflected  by  our  Moon  when  visible 
in  brtjud  day. 

The  form  and  extent  of  the  immense  luminous  arches  vary,  more- 
over, according  to  the  latitude  ;  starting  from  63°,  and  advancing 
towards  the  equator,  they  rise  higher  and  higher  above  the  horizon. 
We  first  see  a  imrt  of  the  exterior  ring,  then  the  ring  in  its  entirety. 
At  the  mean  latitude  of  45"^,  the  two  first  rings  are  observ^ed.  In 
proportion  as  we  descend  tow^ards  the  equatorial  regions,  the  entire 
system  becomes  visible,  but  at  the  same  time,  the  visual  niys  having 
a  more  oblique  direction,  the  rings  diminish  in  apparent  breadth,  eon- 
tinually,  however,  rising  more  and  more  above  the  horizon.  At  the 
Equator,  they  jire  only  visible  by  their  interior  edge*  This  edge  is 
then  presented  as  an  immense  luminous  band,  stretched  from  east  to 
west,  passing  through  the  scenith. 
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To  give  an  idea  of  the  roagnificeTit  epcctocle  which  the  stairj^  vault 
presents  during  the*  nights  of  the  sumnn^r  season,  we  have  sketched, 
according  to  the  hiw8  of  pci'spectivo,  the  iippearance  of  the  rings,  from 
a  latitude  comprised  between  25°  and  30°*  These  two  ideal  views 
represent  the  ring  at  midnight,  the  one  a  little  after  the  cqiiinox,  the 
otlier  at  the  beginning  of  8ujujner,  towards  the  period  of  the  solstice. 

In  the  first  of  these  Hatui^aian  landscapes  (fig*  105)>  the  ring-sys- 
tem is  seen  forming  an  immense  arch,  interrupted  by  a  large  space  at 
the  smnmit.     The  sky  is  visible  through  the  division,  which  separates 


Fig.  105.— Tbo  Blng«  mxn  Crom  Saturn  ftt  a  lAtltudo  of  about  28*.    Idoal  View,  «t  mldiiigbt, 
t^owArds  the  poriod  of  tbo  SatxiniUm  soUticos. 

the  two  principal  rings,  and  it  again  appears  below  the  arch.  The 
interruption  at  the  summit  is  produccMi  by  the  shadow  cast  by 
Saturn,  and  ie  only  distinguished  from  the  sky  by  the  absence  of 
stars.  It  is  possible,  however,  that  this  eclipsed  ix)rtion  of  the 
rings  may  be  sometimes  rendered  visible  by  the  refraction  of  the 
solar  rays  by  the  atmosphere  of  the  planet.  The  eclipsed  band 
may  take  a  coloured  tint,  analogous  to  the  rtxidish  colour  of  the 
Moon  daring  total  eclipses. 

The  second  ideal  landscape  (tig.  106)  allows  iis  to  see  the  exterior 
ring  in  its  entirety.  At  the  solstices,  the  shadow  of  the  planet  is 
thrown  only  on  the  interior  rings.  We  must  remark,  alscj,  that  at 
the  different  hours  of  the  night  the  position  of  the  shadow  is  not  the 
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same.  It  only  occupies  tlie  middle  of  the  arc  ut  midnight.  It  hence 
JblkiWB  tliut,  after  siuiset,  i\n^  western  piirf  of  thu  riii«;  first  ap- 
pears ;  by  degrees,  as  the  night  advancers,  the  western  are  diiiiin- 
isheH,  and  the  other  pirtiaii  appears  at  the  east ;  until*  at  midnight, 
the  lengths  of  the  two  arcs  are  equal.  From  midnight,  the  we»teni 
portion  still  diminishes,  and  at  la^t  disappears,  whilst  the  eastern 
arc  increases  in  lengtli.  When  we  add  to  the  strange  beauty  of  this 
epectacle  the  pretsenee  of  the  satellites,  presenting  difierent  phases, 
some  full,  others  new,  others  gibbtms,  or  crescent^  an  idea  will  he 
formed  of  the  variety  of  aspects  of  the  tSatumian  nights. 


Fig^  IWl. — The  Uluffi  aeoa  Qrotn  Batuni  nt  a  latitndoof  tibout  SS*.    Ideal  Vi«w,  taken  si 
midajghi,  Itotwcen  tb«i  ^ttnmtAii  equinoxefl  and  the  solstioeB< 

During  the  winter  seasons,  the  rings  present  their  dark  sides,  and 
are  only  visible  during  the  night,  negatively  ;  that  is  to  say,  by  the 
ahsenee  of  the  ntam  on  the  celestial  vault  which  they  eclipse.  Never- 
theles.s,  towards  the  morning  and  evening,  they  may  possibly  reflect 
the  light  they  receive  from  the  illuminated  part  of  the  planet ;  at  the 
east  and  west  they  show  doubtleHs  a  slight  glimmer,  similar  to  the 
Earth-shine  of  our  Moon,  or,  again^  to  the  Zodiacal  Light. 

But  if  the  winter  nights  are  deprived  of  the  light  of  the  rings, 
the  days  of  the  same  season  present,  on  the  other  hand,  the  most 
t^urious  phenomena.  As,  by  reason  of  the  diurnal  i-otation,  the  Sun 
moves  apparently  along  circular  arcs,  sometimes  more,  sometimes  less 
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elevatcMl  above  the  horizon,  the  god  of  day>  being  compelled  thus  to 
piiss  behind  the  rings^  undergoes  long  and  frequent  eclipses.  The 
duration  of  these  phenomena  in  shorter  than  wa^  at  first  supposcMl, 
because,  as  the  apparent  path  of  the  Sun  is  not  parallel  to  the  arcs  of 
the  rings,  he,  though  eclipsed  at  rising,  reappears  under  the  ring^  to 
again  disappear  before  sunset. 

[In  latitude  40°,  we  have  morning  and  evening  eelipses  for  more 
than  a  year,  gmdually  extending  until  the  Sun  is  eirlipsed  during  the 
whole  day,  and  these  total  cndipses  continue  for  nearly  7  years,  eclipses 
of  one  kind   or  another  takiiig  place  for  8  years  292^8  days.      Mr, 


hi^.  107.— Jdc-id  vli^w  \jti\  ijbiiMj  uf  .-^aturii. 

Proctor,  in  the  book  from  which  we  have  already  quoted,  re- 
marks : — **  If  we  rememljer  that  latitude  40^  on  Saturn  corre*ip<*nds 
with  the  latitudi*  of  ^[adrid  on  our  Earth,  it  will  Ik*  seen  how  largt4v 
the  rings  must  influenee  the  conditions  of  habitability  of  Saturn's 
globe,  considered  with  reference  to  the  wants  of  beings  constituted 
like  the  inhabitants  of  our  Earth:"]* 

Nearer  the  equator  and  poles  solar  eclipses  are  still  very  frequent, 
but  the  period  of  time  during  which  they  last  is  gradually  reduced. 
Judging  of  the  loss  of  light  by  the  intensity  of  the  shade  throwii  on 
the  planet,  the  ap|wront  night  produetnl  by  these  eidipses  is,  doubt- 
less, very  decidt^l,  althrjugh  atmospheric  refniction  would  prevent  tlicm 
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from  being  absolute.     If  we  could  watch  the  various  celestial  pheno- 

menu  from  the  rings,  the  appearance  of  the  sky  would  be  very  diHe- 
rent ;  if  we  euppoeed  ourselvoa  located  over  the  edge  of  the  ring,  we 
should  have  a  long  night  of  fiJ'tecn  yeartj  succeeding  a  day  of  the  smne 
length. 

During  the  period  of  illuniination  of  each  side  of  the  rings,  the 
Sun  is  eclipsed  every  10^  hours.  These  eclipses,  due  to  the  interpo- 
sition of  Saturn's  disk,  produce  partial  night-s,  the  duration  of  which 
varies  between  1|  and  2  hours  over  a  large  surface  of  the  ring.  These 
are  the  phenomena  which  caused  the  interruption  of  the  luminous  arc 
seen  from  Saturn,  as  represented  at  two  difiercnt  epochs  in  our  two 
ideal  views. 


UeiJ»W4i^iJtigg-!M 


Pig.  lOS.— Tho  globe  of  Saturn,  aii«n  from  the  ring. 

But  for  nearly  fifteen  years  each  side  of  the  rings  is  entirely  de- 
prived of  the  light  of  the  Sun,  This  long  night  is  partly  compensated 
by  the  light  reflci'ted  by  the  illuminated  heml^4phe^e  of  the  planet, 
or  at  least  by  the  part  of  that  hemisphere  visible  from  the  ring. 
During  every  period  of  10^  hours  the  immense  globe  appears  under 
various  phases.  It  is  first  a  luminous  point,  which  rises  from  the 
horizon,  taking  more  and  more  the  form  of  a  half  crescent  (fig.  107), 
but  much  less  curved  than  that  of  the  Moon.  After  5^  hours  it  is 
nearly  a  half  circle,  which  emlmices  the  eighth  part  of  the  whole 
celestial  vault,  the  surface  of  tbis  half  circle  is  thus  nifirc  than  20,000 
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times  that  of  the  lunar  disk  (fig.  108)»  On  this  disk  is  perceived  a 
dark  zane»  divided  hy  a  bright  line  :  it  is  the  shadow  pi*ojected  by 
the  ring  un  the  planet.  Bright  and  dark  belts,  and,  doubtless,  many 
rjther  j^hysical  details  that  we  cannot  see  at  our  enonnous  distance 
from  iSaturn,  distinguish  the  various  parts  of  this  immense  disk. 

The  more  we  leave  the  inner  ring,  the  more  does  the  visible  por- 
tion of  the  planet  increase;  but  its  apparent  dimensions  diminish,  on 
the  otlier  hand,  with  the  distunee,  always,  however,  remaiin'iig  con- 
siderable. Figs.  107  and  108  vdU  give  un  idea  of  the  aspect  of 
Saturn,  seen  fi'om  a  point  on  the  middle  ring,  at  an  interval  of  about 
3  horn's** 

It  remains  for  us  to  point  out,  in  terminating  our  review  of 
Ra turn's  phenomena,  and  oi'  the  eelestiid  phenomena  presented  to  the 
Saturniane,  the  numerous  eclipses  produced  by  the  eight  satellites,  botli 
when  they  pass  over  the  solar  disk  and  when  they  themselves  phmge 
into  the  shadow  thrown  by  the  planet.  These  phenomena  can  be 
watched  from  the  Earth  in  powerful  instruments.  The  last  occasion 
took  place  in  1862,  when  Mr.  Dawes  and  Mr.  Lockyer  were  enabk^ 
to  observe  the  shadow  of  Titan  traversing  the  planot*8  disk,  the 
stiteUite  itself  on  one  occasion  grazing  the  planet's  lower  limb.  [Mr- 
Da  wes  also  witnessed  an  eclipse  of  Titan— a  unique  obserA^ation,  as  far 
as  we  know.] 

*  [In  these  two  ideal  views,  as  in  the  two  preceding  nnca,  M,  Gnillcrain  has 
been  compelled,  naturally  enough,  to  appeal  in  hiw  foregmuntla,  to  our  teircstrial 
prejuilicjes.  Of  course,  the  rights  of  the  dififurent  hj^>otheses  referred  to  in  the 
text  are  "  strictly  reservetl/* j 
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XVIll. 


URANUS. 

Discovery  of  Uranus  in  the  last  Century— Form  and  Dimensions  of  ita  OrbH — 
It0  apparent  and  real  Dimenaions^ — Its  Satellites;  Indinations  of  their 
Orbits,  and  Directions  of  their  Moveraenta. 


The  Solar  System,  as  known  to  the  ancients,  comprised  all  those 
celestial  bodies  the  movements  and  physical  constitution  of  which  we 
have  just  studied,  mth  the  exception  of  the  telescopic  phiiietB  and  the 
satellites  of  Saturn  and  Jupiter,  A  century  ago,  the  number  of  the 
planeta  remained  the  same  as  for  ages  past,  and  the  confines  of  the  sys- 
tem did  not  extend  beyond  Saturn .  It  was  reserved  for  one  of  the  most 
illustrious  observers  of  modern  times,  Sir  William  Herschel,  to  double 
the  radius  of  the  sphere  which  embraces  the  bodies  subject  to  the 
attraction  of  the  Sun,  by  the  discovery  of  a  new  planet — Uranus. 

It  was  on  the  13th  of  March,  1781,  between  t-en  and  eleven  o'clock 
at  nightj  that  Ilerachel,  employed  in  exploring  with  his  telescojK? 
the  constellation  of  the  Ti^ins,  observed  a  star,  the  disk  of  which 
attracts  his  attention.  Perceiving,  after  a  few  nights  of  obser\iition, 
that  the  new  h<xly  moved,  he  first  took  it  for  a  comet.  His  obsen^a- 
vations,  when  submitted  to  calcidation,  soon  showed  that  he  lind 
distxjvered  a  btxly  which  was  at  such  a  great  tiisUince  from  the  Sun, 
and  the  orbit  of  which  was  so  circular,  that  it  wns  impoesible  long  to 
hesitate  as  to  its  real  character  :  it  was  a  planet. 

Uranus,  usually — but  this  depends  upon  its  distance  from  tlie 
Earth — -shines  as  a  star  of  the  sixth  magnitude.  It  is,  therefore, 
sometimes  visible  to  the  naked  eye.  This  insignificant  size  and 
brightness,  however,  are  merely  rehitive,  and  are  caused  by  the  im- 
mense distance  of  the  planet  from  the  Sun,  and,  therefore,  from  the 
Earth,  and  also  by  the  feel>le  intensity  of  the  light  received  from 
the  first-named  body.  But  if  it  be  examined  with  a  telescope  of 
high  magnifying  power,  the  circular  form  of  its  disk  appears  with 
clearness,  and  its  apparent  diameter  may  he  meu.suretL 
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The  orbit  deaeribed  by  Uraiius  round  the  Sun  surrounds  the  orbit 
of  the  Earth  at  ho  great  a  distance^  that  it  is  impossible  to  perceive  on 
its  disk  any  uppearanee  of  phases.  It  has  the  appcaranee  ol'  always 
turning  its  bright  side  towards  ns. 

The  orbit  is  not  a  perfwt  circle,  but,  like  those  of  the  other 
planets,  19  elliptical ;  so  that,  during  the  whole  course  of  its  revolu- 
tion, which  lasts  about  84  years — more  exactly,  ;iO,G86-,*\  days — 
the  distance  of  Uranus  from  the  Sun  constantly  varies  between 
1,743,000,000  and  1,913,000,000  maes  :  there  is  thus  a  difference 
of  170,000,000  niUcs. 

Its  distance  from  the  Earth  varies  even  more,  being  greatest  when 
the  two  planets  are  on  opposite  sides  of  the  Sun,  and,  of  course,  least 
when  they  are  on  the  same  side.  In  the  former  case,  Uranus  is  in  con- 
junction, and  its  mean  distance  from  the  Earth  exceeds  1,923,000,000 
miles,  whilst  at  opposition  the  mean  distance  is  1,733,000,000. 

Its  apparent  diameter,  seen  from  the  Earth,  then  varies  in  a  way 
which  mav  thus  be  exhibited  : — 


Fig.  109.^ Ap|«nitit  dimeiuloiii  of  ^r&tiiis  at  lt«  mvAii  and  ex.tma«  dijitancoii 
fW>ni  tho  ISiirtli, 


From  the  distance  of  Uranus  and  its  apparent  size,  its  real  di- 
mensions have  been  deduced :  it  is  a  spherical  body,  82  times  larger 
than  our  Earth,  the  diameter  of  our  planet  being  4|  times  less  than 

that  of  Uranus  (4^344).  The  real 
diameter,  therefore,  is  34,500  miles. 
Eig.  110  shows  the  comparative  di- 
mensions  of  these  two  bodies* 

Asti'onomers  are  not  agreed  as  to 
whether  Uninua  is  perfectly  aphen- 
cal  or  flattened  at  its  poles  of  rota- 
tion. Sir  William  Ilerschel  asserted 
the  latter,  and  Madler  found  soma 
years  ago  a  flattening  of  y^th,  which 
is  suggestive  of  a  rapid  rotation ;  but  other  astronomers,  Otto  8truve 
among  them,  have  not  been  able  to  detect  any  perceptible  flattening. 
This,  however,  does  not,  perhaps,  militate  against  the  observations 
of  Madler  and  Herschel  ;  for  if,  as  Arago  remarks,*  we  assume  that 

'  "Popular  Astronomy/*  vol.  h\  p.  49Z, 
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Uranus,  like  Saturn,  is  the  centre  of  a  little  system,  comprising, 
besides  the  principiil  planet,  four— it  was  formerly  thought  eight* 
— moons  or  satellites,  revoHiug  in  planes  nearly  perpendiculur  to  the 
plane  of  the  planet^s  orbit.  These  bodies,  whose  revolutions  are 
accomplished,  the  nearest  in  2  days,  and  the  most  distant  in  about 
13  days,  possibly  compensate,  in  some  degree,  by  their  reflect*^  light, 
during  the  nights  of  the  jjlanet,  the  feeble  intensity  of  the  daylight* 
The  Suii  is  visible  at  Uranus  as  a  small  disk,  the  superficial  extent 
of  which  is  370  times  less  than  that  seen  from  our  globe.  The  heat 
received  from  it,  too,  is  370  times  less  than  with  us. 

Wo  have  shown  in  fig,  112  the  relative  dimensions  of  the  orbits  of 
the  satellites,  as  they  would  be  seen  if  we  could  obtain  a  birtrs-eye 

view  of  the  plane  in 
which  they  revolve,  We 
have  already  mentioned 
the  fact,  that  their  move* 
ments  are  performed  in  a 
direction  nearly  perpen- 
dicular to  the  plane  in 
which  the  planet  re- 
volves round  the  Sun. 
Another  peculiarity,  and 
this  is  found  nowhere 
else  throughout  the  solar 
system,  further  distin- 
guishes Uranus ;  the  di- 
rection of  these  move- 
ments is  retrograde,  that 
is  to  say,  it  is  contrary 
to  that  of  all  the  other 
known  movements  of  sa- 
tellites and  planets.  But 
this  anomaly  probably 
results  from  the  very 
great  incUnation  of  their  orbits,  shown  in  fig.  113. 

The  first  satellite  is  but  128,000  miles,  or  about  half  the  distance 
of  our  Moon,  from  the  planet.  The  most  distant  of  the  four  of 
which  we  have  certain  knowledge  is  392,000  miloa.  Of  these  four, 
the  two  nearest,  Ariel  and  Umhrkl^  were  discovered  by  LasscU  and 
Otto  Struve  respectively  ;  the  two  remaining  ones,  Titania  and  Oberan 
by  Sir  W.  HerscheL     [Mr.  Lassell  has  recently  stated,  as  the  resiJt 

*  [That  the  numl>€r  of  Satellitee  is  limited  to  four,  has  heen  ostabh&hed  by 
Mr.  Laasfitl  qaite  recentlj — indeed  since  the  diagram  was  engraved.] 
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Fig«  tl&> — Inclination  of  the  ])JaiiMi  of  the  orbits  at  thu 
SiiteUitiCi  to  the  orbit  of  Drauua. 
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of  a  long-continued  series  of  observations,  that  the  existence  of  the 

other  four  is,  to  say  the  least,  extremely  problematical.] 

Observations  of  the  variations  of  the  quantity  of  light  reflected 
by  these  enormously  distant  bodies^ — ^and  these  obsen'ations,  we  need 
scarcely  &ay,  are  extremely  difficult — have  led  ti}  the  inference  that 
they  possess  movements  of  rotation,  an  idea  strengthened  by  other 
planetary  analogies  :  it  is,  however,  as  yet  by  no  means  certain. 
Nor  have  we  yet  observed  their  eclipses  by  the  shadow  of  the  planet, 
or  those  of  the  Sun  which  doubtless  sometimes  take  place  when  they 
pa*)a  between  the  planet  and  that  body.  We  may,  however,  infer 
these  phenomena  as  well  as  phases ;  and  the  gimixltaneoui*  presence  or 
absence  of  these  bodies  from  the  TJranian  sky  doubtless  affords  a 
grwkt  variety  in  the  appearances  presented  to  the  inhabitants — ^il*  such 
exist — of  the  raid-p^net  of  our  system. 

Observations  have  at  present  g^ven  us  no  information  on  the 
physical  constitution  of  Uranus.  Ko  feature  is  visible  on  the  diwk 
at  such  a  distance.  Astronomical  calculations  can  only  tell  ns  of  its 
masj^,  which  is  fifteen  times  that  of  the  Earth ;  taking  this  and  its 
volmne  into  account,  we  find,  ibr  the  density  of  the  matter  of 
which  it  is  composed,  a  value  equal  to  the  -j'^th  of  that  of  our  Earth  : 
the  density  of  Uranus,  therefore,  is  a  little  more  than  that  of  ice. 

On  the  surface  of  Uranus,  the  force  of  gra\^ty  is  -;^^tb  greater 
than  on  the  surface  of  our  Earth,  so  that  the  phenomena  of  equi- 
librium and  movement  are  about  the  same  as  with  us — with  this 
diflerence,  that  the  surface  of  the  planet  maf/  be  much   less    solid. 
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NEPTUNE. 


Discovery  of  Xcptmie — The  IMctliotl  of  Discovery — DisUuic^s^ — Apjmreut  and 
real  Dim enaioaa— Volume  and  Density ^ — Satellite  of  Neptune. 


At  a  nieiin  distance  from  the  Sun  of  2,862,000,000  miles,  that  is  to 
say,  more  tlian  thirty  times  tho  radius  of  the  Earth's  path,  the  most 
distant  of  the  known  phmeta  of  the  system  circulates  in  its  orbit. 
The  nearly  circular  orbit  which  it  describes  round  the  common  centre 
is  so  great,  that  it  requires  nearly  165  years  to  accomplish  its  revo- 
lution. 

This  planet  is  Neptune.  Scarcely  eighteen  years  separate  us  from 
the  time  when  it  was  first  distinguished  m  a  planet ;  so  that  we  have 
merely  yet  seen  it  traverse  the  ninth  part  of  its  orbit.  The  recent 
date  of  its  discoxery,  and  the  immense  distance  of  the  planet  from  the 
Earth,  are  sufficient  reasons  for  the  few  data  we  possess  regarding 
it.  But  it  is  surrounded  with  another  kind  of  interest  to  compensiite 
for  this  insufficiency— Tve  refer  to  the  method,  unique  in  the  annals 
of  astronomy,  which  served  as  a  basia  for  its  discovery. 

We  have  seen  that  among  the  known  bodies  which  compose  the 
solar  system,  eight  only  were  distinguished  by  the  ancients  from 
the  multitude  of  brilliant  points  which  spangle  the  starry  vault :  the 
dimensions  of  some, — the  Sim,  Moon,  and  Earth  ;  the  proper  motion 
of  others  among  the  coustellationB, — Mercurj%  Venus,  Mars,  Jupiter, 
and  Saturn,  were  the  characters  which  early  led  to  their  being  classed 
by  themselves  as  wanderers. 

Later,  the  telescope  enlarged  man's  field  of  view,  and  permitted 
astronomers  to  add  to  these  eight  bodies  a  considerable  number  of 
new  ones.  Uranus,  the  Asteroids,  the  SateUites  of  Jupiter,  Saturn, 
and  Uranus,  w^erc  ranked  successively  among  the  Solar  family.  But 
what  was  the  method  employed  to  discover  all  these  ecleiitial  bodies  ? 
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An  attentive  and  minute  survey  of  every  pait  of  the  starry  sky,  the 
i-oiiipiirison  of  rek^atiul  miips  with  the  tieM  of  view  of  |>owerfiil  optka! 
instruments,  the  huppy  disco veiy  of  ii  change  of  place  of  u  UouinouH 
lK*rot,  But  in  all  thin  there  was  no  prevision  foimdcKl  on  the(jry,  no 
preconceived  notion  on  the  futuix?  discovery,  which,  indeed,  in  all 
cases  has  been  due  to  the  persevering  zeal  of  observers  and  to  happy 
chances. 

The  method  to  which  the  disc*overy  of  Neptune  is  owing  was 
entirely  a  different  one. 

We  shall  speak  subsequently  on  the  principles  of  the  movemients  of 
celestial  bodies  roimd  their  foci  of  revolution,  as  they  act  and  react 
on  each  other  in  such  a  manner  as  to  disturb  the  regidarity  of  their 
uiovemcnta ;  on  the  observed  pertuxbutions,  and  on  the  niauuer 
in  which  the  perturbations  observed  are  connected  \vith  the  laws 
which  govern  them.  iNow,  among  these  perturbations,  there  was  one 
which  utterly  defied  explanation  on  any  known  theory,  and  which 
astronomers  had  in  vain  attempted  to  ascribe  to  the  action  of  one 
of  the  knoivn  bodies.  The  tables  constructed  for  the  planet  Uranus 
did  not  at  all  agree  with  the  observations,  and  the  motion  of  this 
body  was  evidently  disturbed  by  some  unknown  body.  This  body 
was,  nevertheless,  for  some  time  suspected  by  Bouvard,  Hansen,  and 
many  other  astronomers,  who  held  that  the  perturbations  were  due 
to  an  undiscovered  planet,  beyond  the  orbit  of  Umnus.  But  the 
complete  solution  of  the  problem  was  accomplished  indeixmdently 
by  an  Englishman, — Professor  Adams,  and  a  Frenchman, ^ — II. 
Ijeverrier,  both  of  whom  now  take  rank  among  the  foremost  li\dng 
astronomers. 

[Wlien  we  come  to  consider  the  problem  in  all  its  grandeur,  we 
need  not  be  sui-prised  that  two  minds,  who  felt  themselves  competent 
to  its  solution,  should  have  independently  undertaken  it.  As  far 
back  as  July,  1841,  w^e  find  Mr.  Adams  determined  to  investigate  the 
irregularities  of  Uranus;  early  in  September,  1846,  the  new  planet 
had  fairly  been  grappled.  We  find  Sir  John  Herschel  remarking : 
'*We  see  it  as  Columbus  saw  America  from  the  shores  of  Spain. 
Its  movements  have  been  felt  trembling  along  the  far-reaching  line  of 
our  analysis  with  a  certainty  hardly  interior  to  ocular  demonstration." 

On  the  29th  July,  1846,  the  Equatorial  at  Cambridge  was  first 
employed  to  search  for  the  planet  in  the  place  theoretically  assigned 
to  it  by  Mr.  Adams.  M.  Leverrier*s  theoretical  researches  w*ere 
published  on  the  31st  August,  and  his  letter  to  the  Berlin  astni^ 
nomers  pointing  out  where  he  expected  it  would  be  found,  was 
received  on  the  23rd  September,  his  theoretical  place  and  Mr. 
Adams's  being   not    V    apart.       There,  thanks  to  the  Berlin  star- 
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maps,  whicli  the  English  astronomera  had  not  received,  Dr,  Gallc 
found  the  phiriet  the  same  evening. 

We  need  not  now  refer  to  the  unfortunate,  though  perhaps 
nec^easary,  discussion  as  to  the  comparative  merits  of  these  two  asti-o- 
nomers,  which  almost  clouded  the  brilliancy  of  their  discovery.  Let 
as  rather  look  upon  the  work  of  each  as  a  stupendous  triimiph  of 
intellect,  and  the  residt  to  which  the  labours  of  both  have  kni  us  as 
one  which  for  ever  sets  a  seal  on  the  theoiy  of  universal  gravitation,] 
In  the  words  of  Arago,  **  Such  a  discovery  is  one  of  the  most 
brilliant  manift^stations  of  the  exactitude  of  the  system  of  modern 
astronomers.  It  wiU  encourage  our  most  eminent  geometers  to  seek 
with  fresh  ardour  the  eternal  truths  which  remain  hidden,  as  Pliny 
expresses  himself,  in  the  majesty  of  theories/' 

Neptune  is  invisible  to  the  naked  eye.  In  telescopes,  it  has  the 
aspect  of  a  star  of  the  eighth  magnitude.  Its  apparent  movement 
18  extremely  slow ;  but,  as  the  orbit  which  it  describes  round  the  Sun 
is  80  immense,  its  real  velocity  is  nevertheless  considerable;  it 
is  about  12,400  miles  an  hour- 
Like  all  other  planets,  it  is  sometimes  nearer  and  sometimes  further 

from  the  Earth.  At  the  time 
of  conjunction  it  is  distant  from 
us,  on  the  average,  2,958,000,000 
miles,  whilst  its  minimum  dis- 
tance at  opposition  is  less  by 
2 1 8,000,000  miles.  The  appa- 
rent dimensions  var}^  in  inverse  ratio,  their  limits  are  sho^^ii  in 
fig.  114.» 

The  real  dimensions  are  eomewhut  considerable,  and  in  virtue  of 

them  Neptune  is  the  third  planet  of 
the  system.  Its  diameter  is  4'72  times 
greater  than  the  diameter  of  the  Earth, 
or  «J7,000  miles.  The  surface  of  the 
gl*)be  of  Neptime  is  more  than  22 
tinu^s  that  of  the  Earth,  and  its  volume 
is  nearly  105  times. 

If  we  turn  to  tig.   2,  page  19,  we 
shall  see  to  what  small  dimensions  the 
apparent  diameter  of  the  Sun  is   re- 
duced, as  seen  from  Neptmie.     The  in- 
tensity  of  the  heat  and  light  received  l>y  that  planet  is  but  little 

*  Thia  disk  hxia  not  yet  presented  any  perceptible  trtice  of  ilattemiig,  ncitliur 
can  any  spot  be  distinguished  on  it,  bo  thut  the  time  af  its  rotation  reniiuns 
unknown. 


Fip.  114.— Appjiroiit  dinicDBions  of  thcdlBk  of  Wtip- 
tuue  ut  Its  uieau  iiud  uxtreme  dixLanuefl  frum 
tliti  KiTth. 


Fig.  Tir>.— NeiHuiie  and  the  Earth  ; 
ci>mi»^r«itive  liimonjiioiifi. 
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more,  at  that  enormous  distance,  than  the  thousandth  part  of  that 
received  by  us.  But  as  nothing  is  kno^^Ti  of  its  physical  and  at  mo- 
spheric  conditions,  or  of  its  rotation,  nothing  can  be  determined  on 
the  climatic  conditions  of  the  planet. 

At  a  distance  nearly  equal  to  that  of  the  Moon  from  the  Earth, 
that  is  to  say,  about  225»000  miles,  a  satellite  revolving  round 
Neptune,  in  a  very  eircukr  orbit,  in  5  days,  21  hours,  8 
minutes,*   this  has  enabkni    astronomers   to   calculate  the    mass  of 
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Fig,  114— SateUltoofNeptiine. 

tho  primary.  It  is  equal  to  about  the  ttoo©*1i  P^^t  of  the  mass  of 
the  Sun,  or  to  21  times  that  of  the  Earth.  Hence,  the  density  of 
the  matter  of  which  Neptune  consists  is  less  than  the  fourth  of  that 
of  the  Earth,  or  nearly  equal  to  the  density  of  nitric  acid,  and  a 
little  less  than  that  of  sea-water.  From  this  point  of  view  Jupiter 
is  the  planet  most  analogous  with  this  body,  whilst  the  force  of 
gravity  at  its  surface  is  about  the  same  as  on  Saturn  and  Uranus, 


♦  Observers  have  also  imagined  tbat  Ne|jtutie  is  surrounded  by  a  ringj;  but  it 
m  aow  certain  that  this  appearance,  which  waa  also  suspected  in  Uranus^  muBt  be 
considered  an  optical  iilusioa. 


BOOK  THE  THIRD. 

COMETS. 


The  name  of  "  Comet"  for  the  most  part  gives  rise  to  the  idea  of  a  body 
of  curious  form,  accompanied  with  a  luminous  train,  travelling  ca- 
priciously through  space,  appearing  suddenly  and  disappearing  in  like 
manner,  and  at  once  astonishing  by  its  strange  aspect  both  learned 
and  vulgar.  This  manner  of  distinguishing  comets  from  other 
celestial  bodies  is  no  longer  strictly  accordant  with  the  discoveries 
of  science,  which  has  succeeded  in  discovering  the  laws  of  their 
movements,  and  in  assigning  to  them  their  true  place  in  astronomical 
classification. 

It  is  now  proved  that  most  of  the  observed  comets,  if  not  all, 
form  part  of  the  solar  system,  and  that,  if  they  are  distinguished 
from  the  principal  and  secondary  planets,  it  is  by  characteristics  en- 
tirely difierent  from  those  which  are  ordinarily  assigned  to  them. 

Let  us  see  what  these  are. 
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Aspect  of  Comets — Heatl ;  Kudeua  ;  Tails,  aimple  and  multiple — How  Cotueta 
are  distingiiishcd  from  tho  other  Bodies  of  the  Solar  Systetn — ForaoB  and 
IticliDationa  of  their  Orbits ;  Direction  of  their  Movements. 


If  we  refer  to  the  etjinology  of  the  word,  ** comet'*  Bignifies  a  hairy 
body.  Most  frequently  J  indeed  p  a  comet  appears  as  a  star,  the  nucleus 
of  which  is  siuTounded  with  a  nebulosity  more  or  less  brilliant,  to 
wbieh  ancient  astronomers  gave  the  name  of  hair. 

Independently  of  this  nebulosit}%  the  body  is  frequently  accom- 
panied by  a  train,  the  length  of  which  varies  in  each  comet,  or  in 
the  aarae  comet  at  different  times :  this  luminous  train  is  cjilled  the 
ftiiL  Tho  form  of  the  bead  and  its  apparent  and  real  dimensions, 
and  the  fonn  and  tlimensions  of  the  tail,  arc  extremely  variable,  and, 
indec^l,  comets  have  been  seen  with  two  or  even  several  tails. 

But  the  nebulous  aureola  and  hmiinous  nucleus  which  generally 
fonn  the  head  of  the  comet>  and  the  single  or  multiple  train  with 
which  the  he^id  is  accompanied,  cannot  be  eonsidertnl  absolutely  as 
Mpecific  cbaracters,  seeing  that  bodies  i^^tbout  these  characteristics 
would  be  required  to  be  ranged  in  a  different  categor}\ 

There  exist,  in  fact,  some  comets  deprivetl  both  of  tail  and  nu- 
cleus; such  is  tho  one  represented  in  tho  right  hand  draining  of 
Hg.  117,  which  consists,  as  we  see,  of  a  simple  rounded  nebulosity.* 
Others,  like  that  represented  in  the  first  drawing  in  the  same 
figure,  possess  a  nucleus  surrounded  with  a  nebulosity,  but  no  tail. 

Nor  is  the  nebulous  character  of  the  head  always  constant ; 
coniets  have  been  observed  which  have  presented  the  appearance  of 
stars,  mth  which,  indeed,  they  have  been  confounded.     The  astro- 

♦  We  shall  describe  further  on  the  nebulous  appcaranccj*  entirely  distinct 
from  eouieta  ;  these  are  the  iwbidtK^  properly  so  called.  Tlie  diflFerenee  between 
them  is,  thiit  whereas  the  nebuloe  retain  a  fixed  position,  the  comets  move  more  or 
less  rapiiUy  acrosi*  the  sky. 


y\e.  118.— Comot  ofin*  (ChciMWiE'a  CbmctX  vith  oiultiple  toili. 

Blough,     Itis  Opinion  was   tVmnded   upon  a  rau^h  determination  of 
its  orbit. 

But  it  is  right  to  say  timt,  union g  the  nuniormm  eoinets  observed 
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up  to  the  present  time,  either  with  the  naked  eye,  or  by  means  of 
telescopew,  the  majority  are  diatinguishecl  by  a  nebulosity  surrounding 
tlie  nucleus,  and  a  great  nxunber,  especially  of  the  most  brilliant 
ones,  possess  a  luminous  train  or  tail.  With  others,  the  tail,  dis- 
played fan-like,  is  di\^ded  into  many  branches,  as  if  the  body  had 
in  reality  several  distinct  Uiils.  Plate  XVIII  and  fig.  118,  give 
an  idea  of  the  varied  forms  of  these  cometary  appendages* 

This  diversity  of  aspect  will,  perhaps,  some  day,  enable  astrono- 
mei*8  to  class  comets  into  genera,  species,  and  varieties,  and  wi\l 
doubtless  facilitate  the  perfection  of  the  theory  of  the  phenomena 
which  these  bodies  present,  which  is  still  so  obscure. 


eiiipiic 


Major  Axis 


ttHptic 


Fi^'.  IIP.— Fumi  ofcoinerttTy  orblu. 

Comets,  as  we  have  saitl,  ihnn  part  of  our  solar  sy^^tem.  lake 
the  planets,  they  revolve  round  the  8un,  traversing  with  very  vari- 
able velocities  extremely  elongated  orbits ;  the  form  of  the  cometary 
orbits  furnishes  us  with  the  first  of  their  specific  characters. 

"VVTiilst  the  planets  now  known  move  in  nearly  circular,  dosed 
curves^  und  thus  remain  continually  visible,  if  not  to  the  naked 
eye,  at  least  \^  itb  the  aid  of  t'elescopes,  most  of  the  comets  i^eiolve 
round  the  Sun  either  in  extreraely  elongated  ellipses,  or  in  infinite 
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curveH,  t)r  ut  hmsi  in  curvcw  whk'li  iipjHsir  ho.  llriR-r  it  rttsidts  that 
iimu'tf*  arc  ijlmLTvublr  unly  ill  a  vrry  limitrd  portion  of  thrir  pufhs, 
thiit  18,  when  Ihoy  approuch  nc^ircst  tutlic  Sun  mid  KLirtii,  Moreover, 
lis  the  iK^riotl  of  their  revolutions  inereases  with  the  departure  of  their 
orbits  from  a  (do^ed  cui^ve,  it  hii«  only  beeti  jHJsrtible  to  ch'ternnne 
tlie  return  of  a  wry  small  number  of  thewe  solar  HutelliteH*  There 
ure  fiume,  whieb,  judging  by  what  we  know,  will  never  revisit  our 
sy«tem. 

In  tig.  119  are  representi*^!  the  three  kinrls  of  orbitn  deseribed  by 
eomets. 

The  tirt^t,  of  oval  form,  ha\ing  the  Sun  for  its  foeu8,  is  tht; 
t'iiijm:.  It  is  a  elosL»d  or  re-entering  curve.  Al(li**ugh  ehnigated, 
it  is  clear  that  the  body  that  traveises  it  muBt  return  jieriodieally, 
lo  the  Sun,  at  e^Miebs  raoro  or  less  distant. 

Thf^  second  is  ttf  a  form  very  aTndogouft  to  I  he  ellipse,  but  it  is 
diHtinicuished  frcnn  it  by  the  fact  that  its  two  branches  eonstautly 
get  further  apart,  and  therefore  never  join.  This  is  die  jMitfthoitt ;  but  it 
i»  ipiite  possible  that  those  comets  the  orbits  of  which  appear  para- 
bolic reully  tlescribe  extremely  elongattxl  ellipses,  and  that  tins 
form  is  taken  for  the  j>arubolie  one  during  the  period  of  visibility 
of  the  bfjdy,  in  consequeiu'e  of  this  similarity;  but  on  this  hypothe- 
sis, the  period  of  revolution,  necessary  to  give  rise  to  this  confusion, 
must  be  so  greats  that  u  return  can  never  be  proved:  still,  strictly 
speakings  a  rt*turn  may  take  place. 

It  is  another  matter,  however,  when  the  comet  destnibes  the 
third  kind  of  orbit,  to  wliich  geometers  give  the  name  o( ki/ptrho/a. 
The  two  branches  of  the  kf/prrbola  not  only  are  intinite,  but  they  are 
distinguished  essentially  from  the  ellipse,  as  the  branches  depart 
much  more  from  the  re-entering  form  which  charue tenses  an  ellipse, 
witli  whicli  Ibrm  no  ])ortion  of  the  hyperbola  can  be  confounded. 

Several  comets  move  in  orbits  of  this  kind,  so  that,  lifter  having  raice 
formed  jiart  ot dar  solar  system,  they  go  away  for  ever,  seeking  [)erbu]>s 
in  the  de])thsi»f  the  heavens  another  Sun,  which  they  will  after- 
wards abandon  as  they  do  onr  own.  Among  the  elliptic  cometary 
orl>ils  now  known,  that  which  the  nearest  approjtches  the  circle  is 
much  more  elongated  than  the  planetary  orbit  which  deports  from  it 
most.  In  fig.  rjU  are  given,  nn  the  one  lunid,  the  most  exceiitrie  of 
the  planetary  orbits,  and,  on  the  other,  the  least  exeentrie  cometary 
one,  so  that  this  diiferenee  may  be  appreciated  by  the  eye. 

Thus  comets  are  distinguished  from  planets,  in  the  first  place,  by 
the  extreme  elongaticm  lA'  llu'  curves  which  they  describe  round  the 
Sun. 


ro 


THE  SOLAR  SYSTEM. 


There  are  two  other  characters  which  are  not  less  important 
than  this :  these  are,  first,  that  the  inclinations  of  their  orbits, 
instead  of  being  contained,  like  those  of  the  planetary  orbits,  within 
small  limits,  take  every  possible  value.  Hence  comets  traverse  the 
starry  vault  in  every  direction,  different  in  this  from  the  other  bodies 
of  the  solar  system,  the  apparent  paths  of  which  never  vary  much 
from  the  narrow  zone  known  under  the  name  of  the  Zodiac. 

Lastly,  the  direction  of  movement  is  sometimes  from  west  to 
east,  sometimes  in  the  contrary  direction,  or,  if  we  recall -the 
signification  of  these  words,  sometimes  direett  sometimes  retrograde. 


Flfif.  120— Comi»arlaon  of  the  cxccntricity  of  t!io  [ilanetAry  aud  oorootary  orbito. 

Now  the  fundamental  fact  should  be  ever  present  in  our  memory, 
that  all  the  planets  move  in  the  same  direction,  that  is  to  say,  from 
right  to  left,  or  from  west  to  east,  to  an  observer  placed  on  the 
nortliorn  8ido  of  the  plane  of  the  ecliptic. 

Such  arc  the  essential  differences  which  render  comets  a  peculiar 
family  of  celestial  bodies,  and  a  most  interesting  one  in  the  double 
point  of  view  of  their  movements,  and  physical  constitution;  indeed, 
they  give  to  the  solar  group,  already  so  varied,  an  incomparable 
richness. 
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Periodic  Comets — HaUe/s  Comet;  its  return  iu  1759  auil  in  18:i5 — Eucke's 
Comet  of  Short  Period  ;  Acceleration  of  its  Movement — Division  of  Uambart'a 
Comet — Elements  of  the  Principal  Periodical  Cometa* 


In  spite  of  the  oft-renewed  protests  of  astronomers,  a  singular  re- 
proach ia  often  launched  against  them.  When  a  comet,  visible  to 
the  naked  eye,  appears  in  the  sky  nttracting  notice  on  all  sides  by 
its  brightness  perchance,  or  the  length  of  its  tail,  a  number  of  people 
are  astonished  at  the  carelessness  or  ignorance  of  astronomers  in 
haying  failed  to  predict  it.  We  shall,  therefore,  now  show  how  it 
happens  that  they  are  unable  to  predict^  except  in  a  few  instances,  the 
approach  of  a  comet,  as  they  do  the  position  of  a  planet  or  the 
phenomena  of  eclipses. 

All  comets,  as  we  have  seen,  have  the  Sun  for  the  focn^!  of  their 
movements,  and  all  describe  a  curve  round  it — an  orbit  the  concuA^ty 
of  which  is  always  turned  towardij  the  8un.  But,  as  wc  have  also 
stated,  most  of  the  cometiiry  orbits  are  so  elongated,  that  they  appear 
to  be  parabolic,  the  l>ranches  of  which  nre  infinite  ;  others,  aguiii,  arc 
hyperbolic.  What  must  we  expect,  then,  in  the  case  of  comets  which 
describe  such  orbits  ?  Either  they  wilt  never  retura  to  us,  the 
immense  distance  to  which  they  travel  from  the  Sun  perhaps  carry- 
ing them  into  the  sphere  of  attraction  of  some  other  83"stem ;  or  if 
they  do  return,  it  will  be  at  an  enormons  interval  of  time,  perhaps 
after  a  lapse  of  thousands  of  centuries. 

Thus  most  of  the  comets  observed  visit  the  celestial  regions 
occupied  by  our  world  for  tho  first  time,  or,  if  they  have  already  been 
with  us,  their  visit  happened  at  perirjds  so  remote  from  ours  that  no 
human  observation  has  been  handed  down  to  ns,  even  if  man  then 
existed  on  the  Earth*  On  these  h^^otheses  the  im|K)ssibility  of  a 
scientific  prediction  is  eiadent :  we  must  observe  a  comet  and  ascertain 
the  elements  of  its  motion,  before  we  are  able  to  predict  its  retuiTi. 

A  certain  number  ol'  comets,  it  is  true,  move  in  closed  orbits — in 
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eUJp8C8,  Among  these  we  distinguish  thceometiit  of  short  i>eriod  frotti 
those  the  revolutions  of  whifh  r»ceupy  reirlurie^ — the  anterior  <»hs4.'r- 
viitions  of  which  are  unkno^\ni,  or  sio  conluscfl,  that  it  is  iniiK>SHibIt* 
to  base  any  i-ule illations  on  thera.  (Jf  these,  however,  scieneehas  altn> 
predicted  the  return,  if  not  ou  a  given  day,  at  all  events  lK4ween  eertaiii 
limits.  Hut  in  the  ease  of  the  ijeritMliral  conietB  of  short  |MTi*Kl,  their 
mo veTnents  are  known  with  a  prtx-ision  whieh  jK^nnits  (hereluni  In 
he  easily  announeecl,  and  we  can  prodiet  for  any  g^iveii  day  and  hour 
the  variou.s  phiees  tliey  '^^'ill  tV:eiipy  in  the  starry  vault. 
J/ot  UH  enter  somewhat  into  fletaiL 


The  fii-Hl  of  these  erimets,  the  periiHlSeity  of  whieh  has  Ik:vii  well 
estiil>lishtHl,  both  l*y  ubservation  and  calruhition,  hilars  the  name  of 
llaHey,  an  English  astronomer  of  the  seventeenth  century.  It  is  to 
htm  thjit  we  owe.  in  faft,  the  idontifiratitm  of  the  eomet  nf  1082  with 
thtise  of  lO'il  an<l  1007,  nod  the  prwlictiou  of  its  return  at  the  end 
of  1758,  or  the  beginning  of  1759.  The  event  just itied  the  predietion, 
ThiM  was  not  all :  at  this  latter  periiwl  fometarv  aNtronniny  waselevatcxl 
at  unee  to  a  state  of  perlwtion  eomparalde  with  that  of  the  other 
branches  of  the  scrienee.  A  French  geonief  er,  Claimut,  calculated  the 
«'tfe<*t  of  perturbations  of  the  two  larg*"  planets,  Jupiter  and  Saturn, 
in  the  vicinity  of  which  the  Ijody  was  expiHrted  to  pass,  on  tlie  ])ath 
of  the  announced  comet.  He  assigntHl  a  delay  of  OIK  days;  li>t> 
tlue  to  the  action  nf  Saturn,  518  to  that  of  Jupiter. 

Tlie  H'turn  of  the  hotly  to  its  perihelion  was  |*redicted,  tlicnHoro, 
to  occur  in  tlie  middle  of  April  175*^  with  an  error  of  a  month » 
more  or  Icms,  the  uncertiiin ty  arising  fnim  the  negliH't  of  stmie  teiniH 
in  the  calculation  which  ('hn'raut,  presstnl  for  time,  oun'ttii!.  It  ac- 
tually returned  to  iM^rihclion  on  tlif  V4ih  of  March, 

Since  then,  in  18'i5,  HaUcy't*  i-onict  n^ippeartMl  in  our  regions  of 
the  sky,  but  thiM  time  its  psissagc  wjis*prrdirlo<l  with  siuli  prtM  isioTi» 
tliat  there  was  only  thrci*  days'  difference  between  falcuhition  nnd 
observation* 

The  form  of  the  orbit  of  llalley's  comet  is  shfnvTi  in  tig,  TJl, 
which  also  gives  those?  of  the  other  comets  of  short  period  at  present 
known  in  our  system.  This  orbit,  too  elongated  to  l>e  n*presented  in  its 
entire  development,  is  sho^^^i  in  IHatc  I,  when*  it  is  seen  that  at  its 
moat  distant  point  fK)ni  t!ic  Sun,  it  reaches  beyond  the  orbit  even  of 
Neptune.  The  comet  requires  more  than  70  years — 27*806  days — to 
traverse  this  immense  curve.  We  also  see  that  in  consequence  of  ruie 
of  those  characteristics  which  esixrially  distinguishes  such  a  Ixxly 
from   the  planets   of  the   solar   system — the   elliptical    fonu  of  its 
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orbit — Ilalley's  comet  sometimes  is  nearer  to  the  Sim  than  Venus, 
within,  indeed,  a  distance  which  does  not  exceed  56,000,000  miles, 
and  sometimes  it  recedes  from  the  focus  of  heat  and  light  to  a  distance 
60  times  more  removed — a  distance  exceeding  3,200,000,000  miles. 

These  enormous  variations  in  distance  would  lead  us  to  suppose 
most  astonishing  differences  in  the  quantity  of  light  and  heat  received 
by  the  comet  from  the  Sun.  And,  in  fact,  the  int<jiisity  of  these 
physical  agents  varies  in  the  ratio  of  3000  to  1,  or,  as  it  may  be  put. 


Fig.  li'l.— Orbits  o(  the  i)Chodic  Coinota. 

the  Sun's  light  and  heat  arrive  at  the  comet  with  a  force  3000  times 
more  considerable  at  perihelion  than  at  aphelion. 

IIalloy*8  comet  moves  from  east  to  west  in  a  plane  inclined  to  the 
orbit  of  the  Earth  the  fifth  part  of  a  right  angle.  In  Plate  XIX  are 
represented  tlic  various  appearances  assumed  by  it  in  1835,  both  in 
its  femoral  aspect  and  in  the  jwrtion  of  it  8urix)imding  the  nucleus. 


Following?  the  order  of  discovery,  we  muat  next  describe  Encke's 
cc/mct. 
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Invisible  to  the  naked  eyp,  it  iippcurs  in  tho  telescope  under  the 
form  of  a  nebulous  mass,  iie*irly  splierieal,  and  witboiit  citlicr  tail  or 
Tiueleus.  It  is  a  fiiuf^^dur  fiict  that  the  head  of  this  eomct  varies  bjth 
in  form  and  dimensions  at  the  same  time,  and  it  is  at  its  nearest 
approach  to  the  Sun  that  its  volume  is  smuHest, 

Of  all  tho  comets,  the  periwlicid  i-etum  of  which  luis  Ix'en  demon- 
strated, this  comet  accomplishes  its  revolution  round  the  Sun  in  the 
shortest  space  of  time,  which  in  the  mean  is  1205  days,  or  a  little  leas 
than  3^  years.  It  moves  from  west  to  east  in  an  orbit  sneh  that  itfi 
perihelion  and  aphelion  distances  are  respectively  Ji2, 000,000  and 
;i87,000,000  miles. 

Here,  then,  is  a  body  which,  at  each  of  its  revolutions,  penetrates 
within  tbc  orbit  of  ^lercnry,  and  at  its  greatest  distance  from  the 
Sun  surpasses  tho  orbits  of  the  asteroids,  and  almost  reaches  that  of 
Jupiter*  Since  1S18,  the  time  of  its  discovery,  all  its  returns,  to  the 
rnnnber  of  fuurtccn,  have  been  regularly  observed  ;  hut,  singuhir  cir- 
cumstance, the  period  of  its  revolution  is  continually  diminishing ;  so 
tlmt,  if  this  progressive  diminution  always  follows  the  siinic  rate,  tlie 
time  when  the  comet,  continually  descnbing  a  spiral,  will  be  pliuigi^l 
into  the  incandescent  mass  of  the  Sun  can  be  calculated.  Tbis  con- 
tinued approach  has  been  attributed  to  the  existence  of  a  resisting 
medium  in  tlic  regions  of  space* 

Encke's  comet  is  also  s]K*cially  designatt^  by  tho  appeUatJon  of 
//it'  mm  ft  of  sitort  prrmL 

Among  the  other   comets,   of  which   both  calculation   and   ob- 


*  rt  appears  at  firat  paradoxical  to  sjiy  that  fb  reaktance  to  a  movement  can  pro- 
<liicc  an  ac'celerat i(>n  in  the  time  uf  tlie  successive  revolutioDs :  the  firfit  tendency  of 
the  mind  is  to  see,  on  the  cinitrary,  a  i\in?«e  of  wlacliening  ;  l>Mt  with  a  little  reflec- 
tion it  ia  easy  to  eonvinco  oiicaelf  of  the  exactitule  of  the  tirst  expUnation,  or, 
at  least,  of  its  probability.  We  have  Mhowa,  in  another  work  ("  Les  M(mile«i,'^ 
XfX.  Oauseric),  that  acoelemtinn,  combined  with  the  third  law  of  Kepler,  and 
the  theory  of  imivcrsal  gravif4iti<>n,  is  a  direct  cona<}i|Uencc  of  etich  a  resistance, 
llie  ex]ilanation  of  thi?*  won  Id  here  l>e  pretnatnre  ;  we  must  refer  to  the  third 
pftft  of  the  presctit  work,  in  whirh  an  exposition  of  astronoinicaHaws  is  given. 

Is  it  ixissihle  that  the  nehnlotiw  ring  which  forms  tlie  zodiacal  light  can  be 
t!ie  media  tn  wliich  aecelemtes  the  fteriod  <pf  Encke*«  cornet  I  Or,  apdn,  may  not 
the  same  eflect  be  attrihiited  to  the  pertnrl>ations  to  which  the  lx>rly  is 
subjected  at  its  periodical  passages  through  the  regions  of  shooting  si&m  or  tlie 
teleacopic  planets  ?  All  these  qiieetions  are  btill  extremely  prohleniatical,  and  it 
will  ho  trndemtoud  that  this  is  not  the  place  to  diacnss  the  various  dej^reea  of 
prohal»ilitj  of  eacli  of  them.  We  may,  however,  remark  that  M.  Faye,  in  at- 
tribtiting  to  the  solar  Iteat  a  rcpul^ivy  force,  has  sugge.sted  a  Lht*ury  of  the 
physicid  constitutinn  of  c«Trnt.'tM  which  aecounta  at  once  for  tliL*  form  of  the 
appendices  nf  tlie.sc  !  odies,  aofl  for  the  acceleration  of  the  period  which  observation 
ha?»  demon 8t rated  for  Encke's  comet. 


sfTvation  hint'  (^ontirnir4  thr  jHTiwlicityt  l^'ariii^  llie  names  of 
(itimbart  or  Itit^la,  Fiiye,  Ih*  Vico»  llrorHen,  rnul  others,  the  first  only 
requires  ii  Hpeciijl  mentifm.  The  hitter  i»re  all  telescopic,  unci  do  not 
offer  liny  pjirticular  interest  in  their  phy^iciil  aspect. 

This  is  not  the  ca^ic,  however,  with  (Jmnbart*!f^  cornet.  Dis- 
co vererl  in  1H26,  its  tirwt  rcuppea ranee  occnrrcfl  in  the  autumn  uf 
IS;J2,  and  much  excitement  was  caitsed  hy  the  somewhat  prematun* 
announcement  that  it  must  in  it^  piissage  meet  the  Eiirth,  More 
j»i*tH'isc  calcululiinis  demonstnited*  before  the  event,  that  the  eoniel 
wi>uld  vTtii^ti  tmr  orltit  a  month  bt^fore  our  globe  woidd  reach  the 
l^nni  of  puf^sa^e,  and  thus  contact  waa  impossible. 

15ut  the  alarm  bad  btx^n  sounded.     The  imagination  w^as  excited, 


Fiti-  liTi.— ijub-livwnm  .>rGunil)aTt'ftCotn©L    (Htruve.) 

and  the  idea  of  the  end  of  the  world— of  our  little  world — occupied 
iinmercHiH  min<ls.  iiVcji  among  I  host'  who  placc^I  confidence  in  the 
preiiwiun  of  astronomical  ealculations,  there  were  .sume  who  at  least 
feared  a  deningement  of  our  orbit.  Doubtless,  to  them,  an  orbit 
was  j«omethinn^  material^a  melallic  circle,  for  example.  **  As  ifV 
say«  Anigo,  in  relatinj^  this  curious  notirm*  **  the  form  of  the  para- 
l>olic  path  in  which  a  bomb  after  leaving  a  mortar,  traverses  space, 
was  dependent  mi  the  niimljcr  and  [Ki.sition.s  of  the  paths  which  other 
bombs  had  formerly  descril>c^d  in  the  same  region/' 

Further  on  we  will  say  a  few  words  on  this  cpiestion,  which 
some  day  or  another  may  largely  interest  the  inhabitants  of  our 
f^lobe — we  allude  to  the  danger  and  the  probability  of  u  comet's 
contact  with  the  lllarth. 
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If  Oambart*9  comet  did  not  justify  the  fears  that  were  conceived, 
it  was  itaelf  subjected  a  little  later  to  a  strange  trans foniiation— 
it  subdivided  itseli'  into  two.  In  1846,  it  appeared  under  the 
form  of  two  comets,  of  unequEil  ai^re^  which  gradaally  separate  more 
and  more.  In  1852  the  two  cometa  reappeared  travelling  together, 
hut  the  distance  between  the  two  nuclei,  which  had  reached  150,000 
miles  in  184G,  then  amounted  to  1,240,000  miles. 

Afitronoiuieal  annals  have  before  recorded  similar  trunsforma- 
tiona;  but  as  they  related  to  comets  which  have  not  reappeared, 
ttuthoritiee  heaitated  to  believe  them*  Gambart's  comet,  however, 
leaves  no  doubt  on  the  fact. 

We  here  give  some  data  on  the  short-period  comets  to  which 
we  have  referred ;  — 


Encke's 

De  VicuV  .... 
Wimiecke*s  ,  -  ^  , 
Bror»en*t4  .  .  »  . 
Biela*ft  (or  Gambftrt*s) 
D*Anv.sts  .  ,  ,  , 
Faye*« 

Hiille/a 76-78 


TImu  ot 

rovolutioii 

ill  yeAfB. 

3i9  . 

6-46  . 

5*54  . 

,     5*58  * 

<i*61  . 

6*64  . 

7^44  . 

13-60  . 


BiettAiiooa  fVoui  ttiu  Sun. 

AplK'liDU.  Penhcliuu. 

387,mKi,000  32,0(>O,e0O 

475,00U,iH  10  1  lo.mw^ooo 

,     537,001^000  64M>0,000 

.     6y5,<XM>,000  82,000,000 

603,000,000  192,000,000 

,  3,200,000,000  66,000,000 


Time  of  naxt 
retuni* 

1868,  October. 
1866  (?), 
1860,  June. 
imSj  May. 
1 6  fi  6,  January. 

1870,  October, 
1866,  Feb, 

1871,  October 
1910  (?). 


All  these  have  their  direction  of  movement  the  same  as  that  of 
the  movement  of  the  planets,  that  is,  from  west  to  east.  Among 
the  periodieal  comets^  already  mentioned,  that  of  Ilalley  is  the  only 
exception.  [Besides  the  comets  included  in  the  preceding  table, 
others  with  periods  of  about  seventy  years,  have  been  discovered 
by  Wesphal  (1852) ;  Pons  (1812) ;  De  Vic^  (1846) ;  Olbers  (1815)  ; 
Brorsen  (1847).] 

We  will  content  ourselves  with  the  preceding  details  of  the 
astronumiciil  short  period  of  the  periodieal  comets.  It  remains  for 
us  to  give  some  details  on  those  comets  the  return  of  which  is  either 
very  remote  or  has  not  been  determined. 
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Comcte  of  Long  Period — L&rge  Comct»  visililo  t*i  the  Nakeil  Ejo — rhysical 
CoTiBtitiitioii  of  C'omcts  ;  Mass,  Density — Nature  of  their  Light — ^ Danger 
whicli  might  result  from  the  Contact  of  a  Comet. 


Mist  we  at'ccpt  liiemlly  the  comparison  of  Kepler,  who  aflBrmtnl 
Hi  Lit  comets  arc  bcattered  throughout  the  heavens  with  as  itmeh 
profusirm  ns  fishes  in  the  ocean  ?  iVrago,  adopting  the  liyp<itliesiis 
of  nn  equal  distrihution  of  eomets  in  every  region  of  the  solar 
system,  and  hasing  his  ealcidationB  on  the  number  of  comets  l>etween 
the  Sun  and  Mercury,  estimated  the  number  of  these  bodies  which 
traverse  the  solar  syatern  within  its  known  limits,  that  is  to  say, 
witliin  the  orbit  of  Neptune,  at  17,500,000.* 

Whatever  we  may  think  of  these  hypotheses,  (jhservation  proves, 
from  year  to  year,  that  the  number  of  eomets  h  really  eonHidertdjIe. 
licavinf?  mere  reap])eaninces  nut  of  the  question,  new  ones  are  eon- 
8tantly  found  to  arrive  from  the  depths  of  space,  describing 
round  the  Sun  orbits  which  testify  to  the  attractive  power  of 
that  radiant  body,  and,  for  the  ino,st  part,  g^^ing  away  for 
(M^nturies,  to  return  again  from  nfnr  after  their  immense  revolu* 
tinuH. 

During  the  two  or  three  centuries  in  which  comets  have  been 
obnerved  with  eare»  more  than  1:^00  have  l)cen  rccordcKh  Adding 
them  to  thnse  noted  in  atRicnt  iinnals,  we  muni  reckon  (hcni  at 
tive  or  six  hundred,  among  which  there  it  re  only  about  forty  of 
which  we  have  been  enabled  to  dotcnnine  the  period  of  re  volu- 
tion. 

Of  this  nimiber,  five  complete  their  revolutions  in  periods  which 
vary  between  sixty-nine  and  seventy-five  yeiirs.  But  what  shidl  we 
say  of  those  which  take  thousands  of  veal's  to  accomplish  their  circuit, 

*  As  aarly  as  1765  Lambert  basing  his  caleulations  on  other  datfi,  regarded 
A(K»,O00,l>lHJ  03  a  very  niotlernte  estixnutt;  of  tlioae  withiu  the  urhit  of  Saturn. 
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of  the  famous  cuiiict  of  168(1,  tlic  pt'iiliolion  p»int  ui'  whleh  was 
no  near  tbc  Sun,  tliat  Nrwtuii  valued  its  ti'iupTuture  wJjilc  puNsiu^ 
through  that  part  of  its  orbit  at  2000  times  tho  heat  of  n'<l-hol 
iron  *f  It8  ix*ritKl  is  about  88 1-4  year8.  But  there  are  some  longer 
fitill;  and  the  period  t4^  the  eomet  (if  Jul\%  1844,  has  bivii  estiinalod 
ut  not  hm  than  10U»000  years.  If  the  ealeulatioii  is  exact,  here 
irt  a  eoinet  the  return  of  whieli  will  lie  ohserve<l  by  the  astro- 
nomers of  the  yeiir  101,844  I  At  a  mid  date  of  this*  imnjenHt,' 
peril h1,  it  will  be  ti*avellin<^  in  spat-e  at  a  distance  not  less  than  4000 
tiineK  that  of  the  Earth  from  the  Sun, 

The  velocity  of  comets,  diminishing  like  that  of  the  planets 
as  their  distances  from  the  Sun  increase,  varies  between  very  Uirpi^v 
limits,  and  at  their  greatest  tListance  troni  the  central  body  it  is 
extremely  small  ;  thus  the  comet  of  ItJSO  scarcely  traverses,  at  ils 
aphelion,  more  than  thrcH?  yank  a  tseeond  I 

Among  the  nnnjerons  ctmiets  observed,  there  are  very  few  that 
are  visible  to  tlie  nakeil  eye,  and  a  still  k\ss  numl»er  whi<h  strike 
ordinary  observers  by  then-  large  dimensions  and  the  bi'iglitness  t»i* 
their  light.  It  is  these,  nevertheless,  which  passess  the  grealeul. 
interest,  hy  reason  of  the  pr^mdiar  phenomena  ]nvsented  by  t!ivir  tails 
and  nuclei — phenomena  which  throw  great  light  on  tlieir  physical 
Cijustitntion. 

Among  the  most  remarkable  comets  of  by-gfjne  centuries  must 
be  mentioned  the  large  comet  of  1500,  which  the  Italians  sm-- 
namc'il  //  Sifpror  Anfom' ;  the  comet  of  Charles  the  Fifth,  of  lofiB^ 
whicht  accordhig  to  astronomical  calculations  having  already  ap- 
peartHl  in  1*204,  ought  to  have  made  its  reapjiearance  alxuit  1800, 
and  has  not  been  again  seen  ;  that  of  lOSO,  the  bright  nucleus  of  which 
slnme  as  a  star  of  the  tirst  nuiguitude ;  the  comet  of  1744,  with 
several  tails;  {nid  that  of  170!),  which  is  represented,  as  given  in 
the  drawings  of  the  time,  in  I'late  XVIII  and  fig,  118. 

The  portitm  of  the  nineteenth  century  already  elapsed  has  been  rich 
in  brilliant  comets,  visible  to  the  nakiHl  eye.  We  here  rci)rc>dui'c 
some  t if  tlie  most  rcnuirkiible;  tirst,  the  large  comet  of  1811,  the 
appearance  of  which  nuide  an  extraordinary  sensation.  It  will  not 
again  return  for  thirty  centuries.  The  head  measurcMl  ]  12,000  miles 
in  diameter,  whilst  the  diameter  of  the  luminous  nucleus  was  little 
more  than  400  miles.  The  tail,  of  prodigious  dimensions,  attainetl  a 
lengtli  of  iri,00t),IHI0  miles. 

The  great  comet  of  184'i  w^as  one  of  the  most  brilliant  ever 
observed,     ^"ot  only  the  nucleus,  hut  a  portion  of  the  tail,  was  visible 
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in  full  diiy.  The  tail  was  bedsides  very  remarkable  fur  its  length,  simi 
wtill  more  fW  ihv  uiiifunnity  uf  its  breadtli.  This  J8.  uf  all  known 
comets,  that  wiiit^h  is  the  nejtreHt  ta  the  iSiuu  At  the  time  of  its 
shortest  distance  from  the  centre  of  our  system,  the  nuclcns  was 
not  more  than  470»000  miles  fi-om  the  eentre  of  the  Sun,  and  uon- 
sequently  only  30»000  miles  i'rom  its  sulfate. 

Ill  these  hitter  years  three  eoinets,  visible  to  the  naked  eye,  have 
been  the  object  of  the  most  intere^tting  observations.  The  most 
brilliant  of  all,  Donati's  comet,  miide  its  appearance  in  1858.  Per- 
eeived  at  Florence,  for   the  first  time  on  the  2nd  of  June,  by  the 


I' (jf    li':i. — UreiAt  tomot  of  IsM,  irnm  nnJrawing  tty  AdriunU  ^iMyxn,  u,  ri,t^ 
*'8p«iulmn  FlurtwcUlauuin/' 

astronomer  whose  name  it  bears,  it  become  ^^sible  tn  the  naked  eye 
t*i\vnrds  the  first  days  uf  Heptemlx^r,  and  was  scmju  diHtiof^uisln^l 
omong  the  northern  constelhitions  by  tlie  brightness  of  its  brilliiiitt 
nueleuH,  and  the  magnificent  development  of  it8  taih 

Those  persons  wbo  were  witness  to  the  splendid  spectacle  offered  1)y 
the  nights  when  this  beautiful  body  was  A^sible,  ^WIl  bo  able  to  recog- 
nise and  follow,  in  Plates  XX,  XXI,  XXLII,  and  XX 11 1,  the  aspe<^t 
of  the  comet  at  diflerent  epochs,  ai\d  its  path  across  the  starry  vault. 

In  18IJ1  and  in  1S62  two  other  comets  were  also  visible,  although 
inferior  in   brilliuuey  to  that   of  1858.     There  will  be  found  furtlier 

u 
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cm  (figs.  124  and  l2o,  and  I*ktu  XXIII),  dtjlaik-d  representations 
of  tlie  hetid  and  nebulous  envelopes  of  tbese  bodies — detuils  extremely 
interesting  from  a  pbynieul  point  of  view. 

The  problems  eunneeted  with  tlie  study  of  tlie  pliysk-al  consti- 
tution of  comets  are  numerous,  and  of  extreme  difficulty <  It  muy 
be  asked,  in  tlie  tirst  place,  lAH^iat  is  the  nature  of  the  mutter  wliieh 
eompjses  them  ?  or  whether  this  matter  be  entirely  gastMjuw  Y  or, 
again,  if  the  nuclei  enclose  liquid  or  even  solid  jxiitieles,  and  if  sti 
what  is  their  buli,  and  tlieir  density  ;  if  the  tail  is  of  the  same 
nature  as  tbc  head  or  nucleus  ;  or  by  virtue  of  what  influence  thesi* 
singular  appendages  are  formed,  whieli  abnost  mmotieeable  when 
Hie  comet  is  far  from  the  Sun,  are  developed  as  it  approaches  it,  tci 


Kig^  124— CiuiK't  of  istVJ.     Vi*ruin  nud  ^nwltkll^^  of  lIk;  liujni.nun  jcU,  ou  Au^^UaC  1J3» 
At  (iisc  o'clock  iu  tine  mfintkiff,  jmJ  y.i  ulno  iu  the  ewxiiug, 

diaiiiiisli,  and  finally  disappear  tiguiii  in  the  more  distant  half  of  it-s 
nrbit  > 

Next  eomes  the  quest it>n  of  the  light  whit-h  renders  the  comets 
visible  in  s]>ace.  Do  comets  shine  with  theii*  own  light!'  do  they 
l>orrow  their  light  fi^ora  the  SuJi  ?  or  do  they  send  us  mys  proceeding 
(nun  h^th  these  souR^es  "^  Again,  can  anything  plausible  be  eon- 
jeetured  on  their  tenii>eratnre,  or  on  the  changes  induced  upm  this 
element  by  the  prodigious  variations  of  distance  which  arc  the  ecu- 
sequence  of  the  exti'eme  elongations  of  their  orbits  ? 

Lastly,  wbat  is  the  cause  of  the  modifications  to  which  theso 
Kiriioge  bcxlics  ai'c  subjected,  not  only  from  one  revoluti()n  to  another, 
but  under  our  very  eyes,  during  the  short  interval  of  a  single  appeiir- 
ance  Y  Kot  only  is  the  tail  fomiefb  developed,  diminished,  and  again 
absorbi»d,   but   the  envelope  of  the  nucleus  is  subject  to  the  most 
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curious  tmnsfomiations.  If  we  look  at  the  drawings  (figs,  124  iind 
12*'})  cjf  the  (^oraet  of  18t>2,  drawings  which  represent  the  heittl 
of  the  body  at  intervals  of  a  day  at  the  most,  we  shall  he  as- 
fonishcd  at  the  rapidity  of  the  changes  of  position  and  form  of  the 
iairiinous  jets  which  suceessively  were  emitted  from  the  nucleus,  in 
a  diret'tiou  nearly  always  opposed  to  that  of  the  t^il.  In  an  interval 
iif  seventeen  day^,  the  ahle  observer  to  whom  we  owe  the  comniuniea' 
tion  of  these  drawingn,  M.  Chaeoruae,  wsis  ahle  to  distinguish  the  for- 
mat ion  of  thirteen  of  these  jets,  similar  to  jets  of  steamj  and  Alternately 
directed  towards  the  Sun  and  to  the  east  of  it,  that  is  to  say,  in   a 
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direction  opposite  to  the  movement  of  the  comet.  After  each  of  tht^se 
einij?sions,  the  nebulous  matter,  aeeumulatwl  at  the  end  of  the  jot, 
Ki^emed  driven  back  by  a  repulsive  force  emanating  from  (he  Sun, 
and  then  flowe<l  in  the  direction  of  the  tail.  These  phenomena 
wtviihl  Hcem  to  conHrin  the  hyi^Mtthesis  of  M,  Faye»  to  which  we  have 
before  alluded,  which  attributes  to  the  Sun,  independently  of  an 
attracting  force  by  virtue  of  its  mass,  a  repulsive  [>ower  hy  virtue 
of  its  heat.  By  means  of  this  hypothesis,  SL  Hoche  has  been 
enabled  to  account  for  the  variation  in  form  of  the  nucleus  and 
envelopes, 

[We  may  here  remark  that  these  hist  have  recently  been  sptr rally 
the  object  of  a  seaix^liing  inquiiy  by  ihe  lanietjted  Prufesrt4jr  Biuul, 
in  his  most  aJmiiuble  memoir  on  the  comet  of  18 iS.     Thcs<^  euve- 
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lopes,  however,  must  not  be  confounded  with  the  Umhiilhtitfj,  or  outer 
fsiint  veil,  wliicli  may  extend  for  sniiie  di»timce  around  the  hond. 
They  were  oh.servcd  to  regularly  expand  outward  froni  tlie 
nucleus,  and  the  history  of  no  less  than  seven  of  them  has  been 
recovered.] 

To  what  forces  are  these  stnnigo  phenoTnena  due  P 

To  these  questions  of  ^^reat  intere?>t,  whieh,  it  must  be  admitt^l, 
are  still  very  obscure, inay  be  added  others  which  at  different  times 
have  bc^en  privih^^ed  to  enptivato  the  attention  of  ihe  public.  Wo 
have  seen  tbitt  Ganihart's  peritKlieal  comet  was  expected  in  1832» 
to  come  in  contact  with  the  Earth.  What  would  have  resulted  from 
such  an  event  f 

A  century  ago,  mmns  still  considered  comets  to  be  bodies,  the 
impact  of  which  on  our  globe,  or  with  another  planet,  would  entail 
the  most  frightful  consequences* 

**  When  the  movement  uf  the  comets  is  considered/'  says  Ijam- 
l>e^,  in  bis  Letfr&s  Conmohgiqu^fi^  "  and  we  refliHit  on  the  laws  of 
gravity,  it  will  be  readily  perceivtxl  that  their  approach  to  the 
I'^arth  might  there  cause  the  most  woefal  events,  bring  iKu-k  the 
universal  deluge,  or  make  it  perish  in  a  deluge  of  fire,  shatter  it 
into  small  duKt,  or  at  least  turn  it  from  its  orl>it.  drive  away  its 
Moon,  or,  «till  worse,  the  Kurtli  itself  outside  the  m'bit  of  Saturn,  and 
intliet  ujMin  us  a  winter  several  centnries  long,  which  neither  men 
nor  aninuds  would  be  able  to  bear.  The  tails  even  of  comets  would 
not  be  unimportant  pltennmeno,  if  the  comets  in  taking  their 
departure  left  them  either  in  whole  or  in  part  in  our  atmo- 
sptiere.*' 

Manpertuis,  at  the  same  time,  had  already  dcscrnKxl  in  nearly 
the  same  manner  the  catawtrophcs  which  the  fear  of  tlie  Piarth's 
contact  witli  a  comet  liad  led  astnnmmers  to  imagine.  Only,  by 
the  side  of  possilJe  inonivenicnces,  he  cnumcrattHl  (lie  advan- 
tages that  might  be  derivctl  froui  the  distant  influence  of  these 
bodies,  such  lis  the  changes  of  the  seasons  into  a  peipetnal  spring, 
the  acquisition  of  new  moons,  or  of  a  ring  like  that  of  KSaturn.  He 
I  lien  adds:  "However  dangerous  might  be  the  shock  of  a  comet,  it 
might  be  so  slight,  that  it  would  only  do  damage  at  that  part  of  the 
Earth  where  it  actually  struck  ;  pcrliaps  even  we  might  cry  quit^ 
if  while  one  kingdom  were  devastated,  the  rest  of  the  Earth  were  to 
enjoy  the  rarities  wln'ch  a  bxly  which  came  from  so  fur  might  bring 
to  it.  Perhaps  we  should  be  \crv  surpi'ise<l  to  find  that  the  debris 
m(  these  masses  that  we  despised  were  formed  of  gokl  or  diamonds  ; 
but  who   would  bu  the  most  astonished,  we,  or  the  cmnct -dwellers, 
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who  would  bo  ciist  on  our  Eiirth  Y    Whtit  Htrangc  beiDgs  each  would 
find  tlii.M»thtT!*** 

At  the  present  duy  astronomers  have  ubtmdoned  these  ieurs. 
K^ot  only,  ttccording  to  them,  h  the  probtibility  of  u  shoek  so 
silijjjht,  that  it  is  not  worth  while  to  trouble  ourK^-lvcs  about  8ueh 
tin  event ;  but,  ng'ain,  the  nitLs,s  of  comets  appears  sut-li  a  sniaU  fnw- 
fion  of  the  mass  of  the  ten-estrial  globe,  that  the  shock  would  be 
quite  iiuporeeptible, 

Thi*s  way  of  looking  at  the  matter  rests  on  considerations  and  on 
facts  which  render  it  very  probable.  In  1770  a  comet  was  seen  to 
traverse  the  system  of  Jupiter,  without  indueing  the  smallest  pertur- 
bation in  the  movement  of  the  satellites,  whilst  the  nebulous  Ixidv 
itself  wa8  so  much  disturbed  that  its  entire  orbit  was  changed. 

[TheUj  again,  we  have  good  reason  to  believe  that  we  actuiidly 
pasaed  through  the  tail  of  the  eomet  of  18G1,  and  the  only  eflect 
obaerved  was  a  j>eeuliar  phosphorescent  mist,] 

But  would  it  be  the  same  with  all  comets  J'  In  our  opinion, 
it  is  at  least  prudent  not  to  generalise  too  hastily.  If  comets  exist, 
the  nebtdosity  of  which  seems  entirely  gaseous,  and  so  transparent 
that  small  stars  remain  visible  thn>ugh  them,  there  are  others,  tbi* 
nucleus  of  which  is  doubtless  very  dense,  since  their  light  has  been 
strong  enough  to  be  perceptible  in  full  day,  even  in  the  ^-icinity  of 
the  Sun.  The  mass  of  Douati's  comet  has  been  valued  by  MM. 
Faye  and  Roche  ut  about  the  seven-hundredth  part  of  the  bidk  of  the 
Earth. 

"That  is,'*  says  M.  Faye,  **  the  weight  of  a  sea  of  40,000  squan 
miles  109  yards  deep ;  and  it  must  be  owned  that  a  like  mass, 
animated  with  a  considerable  velocity,  might  well  produce  by  its 
shock  with  the  Earth  very  perceptible  effects/' 

Of  the  heat  peculiar  to  the  comets,  and  of  the  nature  of  the  light 
that  they  emit,  very  little  is  yet  known,  [Spectrum  observations 
have  bi^en  made,  but  their  discordance  renders  it  necessary  to  wait 
for  others.]  Doubtless,  in  the  v^cinity  of  the  Sun,  the  action 
of  the  high  temperature  of  the  radiant  btdy  cannot  fail  to  l>e  fclr 
on  the  exterior  stnitu  of  the  cometary  nuclei  ;  and  it  is  thus  that 
the  formation  of  the  luminous  jets  which,  becoming  detucheil  fmm 
the  central  mass  and  acted  u|>on  by  some  unknown  force,  give  rise 
to  the  tail,  may  be  account chI  lor. 

On  the  other  hand,  it  seems  proved  that  the  light  of  the  comets 
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298  THE  S()I.AR  SYSTEM. 

18,  in  part  at  least,  borrowed  from  the  Sun.  But  may  they  not 
also  possess  besides  a  light  of  their  own  ?  and,  on  this  last  hypo- 
thesis, is. this  brightness  owing  to  a  kind  of  phosphorescence,  or 
to  the  state  of  incandescence  of  the  nucleus  ?  Truly,  if  the  nuclei 
of  comets  be  incandescent,  the  smallness  of  their  mass  would  eli- 
minate from  the  danger  of  their  contact  with  the  Earth  only  one 
element  of  destruction ;  the  temperature  of  the  terrestrial  atmo- 
sphere would  be  raised  to  an  elevation  inimical  to  the  existence 
of  organised  beings ;  and  we  should  only  escape  the  danger  of  a 
mechanical  shock  to  run  into  a  not  less  frightful  one  of  being  calcined 
in  a  many  days'  passage  through  an  immense  furnace. 

If  we  enlarge  on  these  considerations,  which  are  merely  hypo- 
thetical, it  is  not  with  the  intention  of  reviving  the  fears  or  super- 
stitious terrors  of  another  ago.  We  but  wish  to  show  to  what  con- 
jectures science  is  still  reduced  on  the  problem,  so  interesting  from 
so  many  points  of  view,  of  the  physical  constitution  of  comets. 


OENERAI,  StJBVET. 


(JENERAL  SURVEY  OF  THE  SOLAR  SYSTRM. 


Wk  havo  now  terniiiiakHl  our  description  f>f  the  various  plicnomona 
Itrt'seiited  by  the  Soliir  System* 

We  have  reviewed  successively  all  tlie  IxxlieH  which  fomixme  it, 
from  the  immense  centml-body— the  founlain-lioad  of  heat  and  lifj^lit 
— to  the  most  distant  planets  which  its  powerfiil  attmctiou  maintains 
in  their  orbits,  and  to  tho.sc  vaj^alTond  lK>die,s,  the  comets,  K«>me  of 
which  perhaps  visit  but  once  those  regions  of  the  sky  in  which  the 
movements  of  our  system  take  place. 

We  are  about  to  quit  the  system  of  w^hich  our  Earth  fonus 
part^^ — ^a  system  so  prodigiously  vast,  when  the  dimensions  are  com- 
pared either  with  tlie  most  gigantic  constructions  ol'  man,  or  even 
with  the  terrestrial  globe  itself,  the  magnitude  of  which  reduces  man 
to  nothingness.  We  shall  now  laimeh  out  into  space,  far,  very  far 
bey<*nd  Neptune,  to  such  distances  that  the  Earth,  the  planets,  the 
Sun  itself  even,  wdien  looked  back  upon,  would  hut  appenr  ns  lu- 
minous p>ints,  and  the  whole  solar  system  would  dwindle  doM^n  to 
a  single  speck  nf  liglit. 

There*  we  shall  find  ra}T*iads  of  other  Suns,  other  worlds,  of  which 
the  physicid  C4>nstitut!on,  distancc^^  and  movements,  must  idso  l>e 
stutlied.  But  before  undertaking  this  immense  voyage  in  the  inti- 
nite,  let  us  sum  up  in  a  few  general  rtnnarka  the  more  striking  fea- 
tures of  tlic  Solar  System,  which  will  constiintly  serve  us  for  com- 
parison with  the  other  systems  with  which  we  shall  have  to  deal. 

We  have  seen  how  tlie  difierent  celestial  l>odies  which  revolve 
round  the  Sun  are  grouped.  In  describing  each  of  them  we  have 
given  their  real  dimensions,  both  absolute,  and  compared  with  those 
of  om-  Eaiih.  I^late  XXI Y  contains  all  these  comparative  dimensions 


THE  SOLAR  STSTEM. 

grunpL<l  together,  %^4ience  we  may  gather  hy  a  vonp  iVwii  huw  laucli 
liie  vi(liuue  of  the  San  prepon  do  rates  tner  that  of  all  the  planets 
ami  their  t*a1ellitC8  put  together.  Calculation  shows  iudeeil  that  the 
Htihir  globe  itself  contains  000  times  the  united  volumes  of  all  these 
huilies.  Its  mass  is  still  luure  eonsiderahle  ;  and  if  the  Sun  werc^ 
[)laeed  111  one  of  the  seales  of  a  celestiul  bahinet\  7  jU  lijues  the 
weight  of  uli  the  phniotary  masst^s  must  be  plaeed  in  the  other  t4i 
e^jual  it. 

We  have  from  the  eommeneement  di\^ded  the  planets  into  thi^ec 
prineipil  groups;  that  of  the  planets  of  average  size,  that  of  the 
asteroids  or  teleseupic  planets,  and  that  of  the  hirger  planets.  A 
faet  whieh  renders  this  division  more  striking  is,  that  the  eelestial 
hollies,  of  whieh  each  gr<uip  is  formed,  nut  only  present  a  simihirity 
in  siiie,  while  the  distances  of  all  from  the  Sun  seem  to  obey  a  law, 
l)ut  other  physical  analogies  seem  to  indicate  that  they  form  so 
many  natural  families,  the  memhera  of  which  have  perhaps  a  common 
origin. 

Thus  Mercury,  Venus,  the  En  rib,  and  Miirs,  have  a  movemeni 
nf  rotation,  the  time  of  which  is  nearly  equal ;  and,  except  in  the  ease 
of  Mercury,*  their  density  is  very  similar,  and  the  polar  flattening 
is  either  very  slight  or  impereeptihie. 

With  regard  to  the  inclinations  of  their  axes  to  the  planes  of 
their  orbits,  a  condition  of  things  which  has  an  overpowering  in- 
Wuencc  on  the  seasons  in  each  planet,  the  four  smaller  jdanets  of 
whieh  we  speak  must  [if  we  accept  the  old  observations]  be  divided 
into  two  sub-groups,  ilercury  and  Venus  in  one  category,  Mars  and 
the  Esirt.h  in  the  other. 

AV-'e  know  very  little  of  the  physienl  constitution  of  the  minor 
planets ;  hut,  besides  the  fact  tliat  they  arc  all  accumulated  in  one 
narrow  zone,  and  are  all  of  small  dimensions,  they  possess  a  family 
likeness  in  the  great  excentricity  of  their  orbits,  inid  the  generally 
very  great  inclinations  of  the  planes  in  which  they  re\  olve  round  tho 
Sun. 

We  come  now  to  the  four  larger  ]*Ianets,  Jupiter,  Satnrn,  Unnnis, 
and  Neptune ;  at  once  we  are  struck  with  their  much  more  rujarl 
rot^ition,  which  we  should  have  predicted  from  the  considerable 
jjohir  flatteiiiug  of  the  two  first  htrflies.  With  regard  to  the  two 
other  planets,  Uranus  and  Neptune,  we  are  still  in  the  dark  on 
these  points.     Their  density  ifl  at  most  but  a  quarter  of  that  of  the 
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iller  planet  ft,  mid  this  is  almost  the  cjise  for  all  the  mi'Uibers  of  the 
group. 

But  the  other  element s  do  not  ofler  sueh  elose  uiudogie8.  The 
inclination  of  the  axis,  small  in  the  case  of  Jupiter,  is  larjj;or  in  the 
e£i80  of  Saturn,  and  prohahly  excessive  in  Uruniis, 

Bat  another  point  of  resend>Ianec  is,  that  all  these  larger  planets 
liave  a  g^reat  number  of  satellites,  whilst  the  Earth  alone,  of  all  the 
planets  of  the  system,  is  aeconii>anied  by  a  single  moon. 

The  question  as  to  the  huhitability  of  the  other  iihinets  of  the 
system  has  been  mueh  agitated.  It  has  been  asked  if  only  the 
Karth^s  surfaec  is  emlRdlished  by  the  prtxluetions  of  animal  and 
vegetable  life,  if  it  alone  is  inhabited  and  governed  by  intelligeni 
and  sensible  beings. 

Astronomy  can  only  indirectly  touch  on  those  interesting  ques- 
tif>ns,  the  solution  of  which  will,  doubtless,  long  remain  bt\voiKl 
us,  although  we  have  mem  with  what  minute  care  seienee  colkn'ts 
together  all  the  elements  of  the  problem,  all  the  data  which  observa- 
tion can  furnish  on  the  meteorological  and  physical  conditions 
belonging  to  each  member  of  the  solar  system. 

Doubtless,  if  we  reason  by  the  analogies  which  are  iK^rmitttxl 
us,  there  are  strong  prtiaJjiUties  tbiit  most  of  the  planets  and  thei^ 
moons  arc  inhabited.  But  what  is  the  organisation  of  the  vegt^- 
table  and  animal  kingdoms  which  people  them  ?  t_)f  this  it  is 
difficult  to  form  an  idea,  in  the  actual  state  of  our  knowkxlge. 

But  is  it  not  pi-obable  that  the  ages  ui'  the  planets  arc  vei-y 
dilibrent,  and  that,  if  we  sup|K)SC  that  they  all  must  pass  through 
the  same  geological  phases,  these  phases  will  be  far  fr4)m  being  the 
same  at  the  siimc  epochs  ? 


PAET  THE   SECOND. 


THE  SIDEREAL  SYSTEM. 


Ill 


BOOK  THE  FIRST. 

THE  STARS. 


Let  us  imagine  a  sphere,  having  the  Sun  for  its  centre,  the  ideal 
surface  of  which  lies  at  a  distance  of  thirty  times  the  mean  radius 
of  the  Earth's  orbit ;  this  sphere  will  comprise  in  its  vast  extent  all 
the  celestial  bodies,  the  comets  excepted,  which  periodically  effect 
their  revolutions  round  the  Sun,  and  of  which  we  have  described 
the  movements  and  physical  constitution. 

Do  other  planets  exist  more  distant  still  than  Neptune  P  and  do 
the  comets  of  long  period  which,  after  having  shone  once  in  our 
regions,  bury  themselves  in  depths  exceeding  many  thousands  of 
times  the  distance  of  the  Sun  from  the  Earth,  really  belong  to  our 
system  P 

These  are  questions  which  at  present  cannot  be  answered,  and 
for  the  solution  of  which  wo  must  wait,  perhaps  for  centuries.  We 
may,  therefore,  be  allQwed  to  regard  the  sphere  which  we  have 
just  imagined,  as  fixing  an  approximate  limit  to  the  dimensions  of 
the  Solar  System. 

Let  us,  however,  in  thought  triple  the  radius  of  this  sphere ; 
let  us  give  it  a  radius  of  a  hundred  radii  of  our  orbit,  that  is,  a 
radius  of  some  9,500,000,000  miles, — an  enormous  distance,  which 
the  imagination  can  with  difficulty  grasp,  and  which  a  ray  of  light 
would  require  more  than  eleven  days  to  traverse,  in  spite  of  its 
extraordinary  velocity  of  192,000  miles  a  second ! 

Nevertheless,  we  shall  soon  see  that  this  immense  line  is  but 
a  point,  when  we  compare  it  with  the  dimensions  of  that  portion 
of  the  universe  which  our  sight  is  able  to  grasp.  ^The  nearest  of 
the    innumerable    systems   which   people    that  universe  would  be 
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removed  from  the  then  eonimes  of  the  solar  system  to  a  distance  tjrp 
thousand  times  greater  than  the  radius  of  our  imaginary  sphere^ 
We  could  scarcely  hope,  therefore,  that  it  would  ever  be  possible, 
even  with  the  aid  of  the  most  powerftJ  telescopes,  to  make  out  the 
physical  peculiarities  of  celestial  bodies  so  immensely  distant.  But, 
thanks  to  some  ingenious  appliances  and  to  njethods  of  an  extreme 
delicacy,  the  latest  investigations  have  furnished  observers  with  a 
rich  series  of  interesting  phenomena. 

The  constitution  even  of  the  visible  universe  has  thus  by  degrees 
been  revealed :  the  distribution  of  the  various  bodies,  their  group- 
ings and  movements,  the  intensity  and  colour  of  their  light,  and  a 
thousand  other  interesting  facts,  are  so  many  points,  the  positive 
knowledge  of  which  now  surrounds  sidereal  astronomy  with  the 
highest  interest. 

We  are,  therefore,  about  to  consider  the  heavens  as  a  whole 
and  in  detail.  The  knowledge  we  have  acquired  of  the  system  to 
which  the  Earth  belongs  will  be  a  great  help  to  us  in  this  study, 
as  it  will  continually  afford  us  points  of  comparison  to  reason  by 
analogy  on  other  systems. 
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THE  STARS. 

Scintillation  of  the  Stars — Apparent  Fixity  of  their  relative  Distances — Number 
of  Stars  visible  to  the  Naked  Eye — Approximate  Number  of  Stars  visible  in 
Telescopes. 

No  sight,  as  we  said  at  the  beginning  of  this  work,  is  at  once  so 
awe-inspiring  and  so  grand  as  that  of  the  heavens  on  a  beautifid 
night.  If  care  be  taken  to  choose  as  a  stand-point  for  observation 
an  open  place,  such  as  a  plain  or  the  summit  of  a  hill  on  land,  or, 
again,  the  open  sea ;  and  if  the  atmosphere,  somewhat  charged  with 
dew,  possesses  all  its  transparency  and  purity,  we  shall  see  thousands 
of  limiinous  points  twinkling  in  all  directions,  accomplishing  slowly 
and  together  their  silent  march.  The  contrast  of  the  obscurity  which 
reigns  on  the  surface  of  the  Earth  with  the  brightness  of  that  re- 
splendent vault,  gives  an  indefinite  depth  to  the  celestial  ocean  that 
deepens  over  our  heads.  But  let  us  here  leave  the  magnificence 
of  the  spectacle,  to  study  it  in  its  most  minute  details. 

Let  us  commence  with  the  appearances.  A  character  common 
to  all  the  stars  is  an  incessant  and  very  rapid  change  of  brightness, 
which  has  received  the  name  of  scintillation.  This  is  accompanied 
by  variations  of  colour  equally  rapid,  due  to  the  same  cause  as  the 
successive  disappearances  and  reappearances.  All  stars  scintillate, 
whatever  may  be  their  brilliancy,  at  least  in  our  temperate  regions. 
But  the  intensity  of  this  luminous  movement  is  not  the  same  in  all, 
and  it  varies,  moreover,  both  with  the  degree  of  purity  of  the 
sky,  the  elevation  of  the  stars  above  the  horizon,  and  the  temperature 
of  the  night. 

According  to  Arago,  scintillation  is  due  to  the  difTerence  of  ve- 
locity of  the  various  coloured  rays  traversing  the  unequally  warm, 
unequally  dense,   unequally  humid    atmospheric  strata.     Thus,   in 
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tropical  regions,  where  the  atmospheric  strata  are  more  homoge- 
iie*m8,  wciiiiillatioii  h  rarely  objserved  io  stars  the  elevation  of  which 
above  the  horizon  is  more  than  15^,  or  the  sixth  of  the  distance 
of  the  horizon  from  the  zenith.  "  This  circimistance/'  aays  Himi- 
holdt,  **  gives  to  the  celestial  vault  of  these  coimtries  a  particularly 
calm  and  soft  character." 

As  to  the  planets,  they  scintillate  little  or  not  at  all ;  it  is  rare 
that  traces  of  this  phenomenon  are  observed  in  8atiirn  or  Jupiter, 
but  it  is  more  perceptible  in  Mars,  Venus,  and  Mercury.  This 
ditierenee  suffices,  in  our  clinmtes,  to  afford  to  those  who  are  not 
very  familiar  with  the  configuration  of  the  celestial  groups  the  first 
means  of  distinguishing  a  planet  from  a  star. 


Another  specific  character  of  the  stars  is,  that  their  diameters 
are  without  appreciable  dimensions.  To  the  naked  eye,  this  dis- 
tinction  would  be  insufficient,  since,  the  Moon  and  the  Sun  excepted, 
the  most  considerable  planets  have  not  sensible  diameters.  But, 
while  the  magnifying  jiower  of  optical  instruments  shows  us  the 
principal  planets  under  the  form  of  clearly  defined  dinks,  the  most 
powerful  glasses  only  show  a  star  as  a  luminous  point.  The  dis- 
tance which  separates  us  from  the«e  bodies  is  so  great,  that  there  m 
nothing  to  astonish  us  in  such  a  result, 

Wollaston  affirms  that  the  apparent  diameter  of  the  most  bril- 
liant star  in  the  heavens,  Sirius,  is  not  more  than  the  fiftieth  part 
of  a  second  of  arc.  But  let  us  hasten  to  say  that  this  result  still 
leaves  a  good  margin  as  to  the  real  dimensions  of  the  star,  since,  at 
the  distance  of  Sirius,  an  apparent  diameter  of  this  sis^e  would  re- 
present a  real  diameter  of  11,000,000  miles ;  that  is,  twelve  times 
the  diameter  of  our  Sun, 

Let  us  add,  lastly,  that  the  absence  of  appreciable  apparent  di- 
mensions does  not  suffice  to  distinguish  absolutely  the  stars  fi*ora 
the  planets,  since  a  certain  number  of  the  latter,  as  we  have  before 
seen,  appear  in  telescopes  only  as  simple  luminous  points.  Let  us 
come,  then,  to  a  permanent  specific  character,  the  knowledge  of 
which  will  always  prevent  us  from  confounding  a  star  with  one  of 
the  known  or  unknown  bodies  which  form  part  of  our  solar  group. 
This  characteristic  is  as  follows  :  — 

The  stars,  properly  so  called,  preserve  among  themselves — nearly 
enough  for  our  present  purpose — the  same  relative  distances.  They 
form,  then,  on  the  celestial  vaidt  apparent  groups,  the  configuration 
of  which  is  nearly  invariable.  Centuries  must  elapse  to  show  a 
change  of  form,   imless   we   employ   extremely   delicate   measures. 
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A  pkmet,  on  the  contrary,  moves  rapidly  across  these  groups,  to 

such  a  decree  that,  in  t!ie  interval  of  a  night,  or  at  most  of  a  few 
nights,  thiB  displacement  ia  very  perceptible ;  hence  the  old  denonu- 
nation  oi  fixed  Bturs»  in  opposition  to  the  mimhnmj  ones,  or  planets. 

We  must  be  careful,  howevefj  to  guard  against  assigning  to  this 
word  a  rigidity  which  it  does  not  possess,  for  we  shall  shortly  see 
that  the  stars  really  move  with  a  velocity  not  inferior  to  that  which 
animates  the  members  of  our  system.  Their  immense  distance  is 
the  only  cause  of  their  apparent  immobility,  which  vanialies  when 
precise  observations,  embracing  a  sufficient  interval  of  time — some 
years,  for  example — are  made. 

A  fact  which  strikes  every  one  is  the  great  diversity  of  brightness 
in  the  stars  which  people  the  heavens.  All  degrees  of  intensity  arc 
remarked,  from  the  resplendent  light  of  Sirins  to  the  scarcely  per- 
ceptible glimmer  of  those  hardly  visible  to  the  naked  eye. 

Whence  arises  this  diflerence  of  brightness  ?  This  question  we 
cannot  answer  for  any  star  in  particular ;  but  it  is  easy  to  imagine 
that  it  may  result  from  various  circumstimces,  such  as  their  less  or 
greater  distance,  the  real  and  various  dimensions  of  the  bodies,  and, 
lastly,  the  intrinsic  brightness  of  the  light  peculiar  to  each.  How- 
ever this  may  be,  astronomers,  without  regard  to  the  unknown  causes 
which  may  influence  the  intensity  of  the  stellar  light,  have  divided 
stars  into  ekmes  or  magtutudes ;  and  w^hen  we  speak  of  a  star  of  the 
first,  second,  or  fifth  magnitude,  it  is  understood  that  this  way  of 
speaking  refers  only  to  the  apparent  brightness,  and  that  nothing 
is  afiirmcd  either  as  to  real  tlimensions  or  distance,  or  even  intrinsic 
brightness.* 

Besides,  as  the  stars,  arranged  in  the  onler  of  their  brightness, 
would  form  a  progression  decreasing  by  imperceptible  degrees,  the 
elaeaes  adopted  are  themselves  conventional  and  arbitrary.  The  first 
SIX  magnitudes  comprise  all  stars  ^^sible  to  the  naked  eye.  But 
the  use  of  the  most  powerful  telescopes  brings  to  view  stars  of  feebler 
light,  descending  to  the  sixteenth  and  seventt^nth  magnitudes.  In 
truth,  the  progression  has  no  inferior  limit :  it  extends  more  and 
more  in  proportion  as  the  progress  of  the  optician's  art  increases  the 
penetrating  power  of  our  instrimnents. 


♦  Wliat  we  have  said  of  a  particular  star  is  not  rigoroiisly  true  when  tlio 
whole  of  the  atara  are  conairk'n^cl.  The  calnilus  of  probabilitiea  enables  us, 
in  this  cftij(*,  to  dedttcc  from  the  brightrieaa  of  the  stars  of  a  certain  size  some 
inferenoea  on  their  mean  distance.    We  shall  return  to  this  point. 
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To  gtiiii  m  iim  ^  Ao  veBpetttive  intenfiities  of  tlie  lig-Iit  emitted 
by  IIjm;  ttoTi  0t  ^  first  efx  maf^nitudes,  foUoirmg  tbe  scale  adc^t-ed 
by  bMtromomenf  tlie  roUciwiiig  drawing  eliouid  be  inspected;  i&  it  tbe 
•tart  aro  figured  by  disks^  the  surfaces  of  which  are  in  proportioii  to 
A«b  brillkncy. 


Fig.  I'idL.— Roktivc:  brighlL^^A  >A  tko  tUkU  of  iho  £>r«i.  nix  mA^UaiPi, 

But,  M'e  repeat,  it  must  not  be  thought  that  the  stars  ranked  in 
the  Bomo  clu««  iire,  on  that  ac<!ount,  of  the  eame  brightness.*  Thus 
the  light  of  Sirius  is  estimated  ut  four  times  that  of  the  star  Alpha 
(or  a)  CVntauri ;  but  both,  ueverthtless,  are  included  by  astronomers 
in  the  number  of  the  fitara  of  the  first  magnitude. 

Wo  here  give  the  mimes  of  the  twenty  most  brilliant  stars  of  the 
two  hemispheres,  which  it  is  usual  to  consider  as  forming  the  first 
ellM.     Tliey  ure  here  arranged  in  the  order  of  their  brightness  ; — 


t.  Siriua. 

S.  Eta  (it)  Arga».t 

3v  CanopuB. 

4.  AlpbA  (a)  CeDtauri* 

5.  Arctunis. 
a.  RigcL 

9.  Procyoii, 
10,  Bet^lgeuse.l 


11.  Achemar. 

12.  Aldebaran. 

13.  BeU  (^)  Centauri. 

14.  Alpha  («)  Cmcis. 

15.  Antarea. 

16.  Atair. 

17.  Spicft. 

18.  FomalhauL 

19.  Beta  (^)  Crucia, 

20.  PoMiii. 


JmkOj,  Regulns,  a  bright  star  in  the  constellation  of  the  Lion,  is 
mbo  fanled  by  some  astronomers  in  the  first  magnitude,  while  othera 
oidj  admit  in  this  class  the  first  seventeen  stars  in  the  aboTe  list. 
Tbese  divergencies  are  of  no  importance* 

*  lAgAraofomors  not  only  class  tho  stars  in  magiiitudes,  bat  tabulate  them  in 
ll»arteof  thar  fat^ghtiieBS  ia  each  coneitdktion*  the  piindpal  stars  being  de- 
aotid  hj  the  loHeia  of  the  Greek  alphabet,  A  star  is  described  bj  a  Qre^ 
lallir,  Mtoived  by  Ibe  name  of  the  oonstellation  in  Latin :  thu3  «,  or  Alpha  Ceo- 
lHvi»  ^enotos  tbo  brightest  star  in  the  constellation  of  the  Centaur.  $  Ljne  is 
th«  aceood  br^^leat  star  in  tbe  Lyre,  and  so  on,] 

t  H  wiD  be  wtmk,  anbsequentlj,  that  the  bngbtoeea  of  thia  star  uiideigoeB 


}  tW 


1  of  IbiB  alar  is  variable  ;  it  baa  i^oenlly  i 


to  Iba 
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In  proportion  as  the  scale  of  brilliancy  or  magnitude  is  descended, 
the  number  of  the  stars  contained  in  each  class  rapidly  increases. 
(The  number  of  second-magnitude  stars  in  the  entire  heavens  is  about 
65jt  of  the  third,  about  200;  of  the  fifth,  1100;  and  of  the  sixth 
magnitude,  3200.  Adding  these  numbei's  together,  we  obtain  a  few 
over  5000  stars  of  the  first  six  magnitudes,  and  these  comprise  very 
nearly  all  those  that  can  he  seen  with  the  naked  eye. 

The  smallness  of  this  number  nearly  always  astonishes  those  who 
have  not  tried  to  form  an  exact  estimate  of  the  number  of  stars  which 
shine  in  the  celestial  vault  on  the  most  favourable  nights* 

The  aspect  of  the  multitude  of  sparkling  points  which  are  scattered 
over  the  sky  makes  us  disposed  to  believe  that  they  are  innumerable, 
and  to  be  countenl,  if  not  b}"  miOions,  at  all  events  by  hundreds  of 
thousands.  This  is,  nevertheless,  an  illusion*  All  obserrers  who 
have  taken  the  trnuhle  to  make  an  exact  enumeration  of  the  stars 
visible  to  the  naked  eye,  have  arrived  at  a  maximum  of  ♦iOOO  as  the 
mean  number  which  can  be  observed  in  every  part  of  the  heavens, 
visible  at  the  same  time,  at  the  same  place ;  this,  of  course,  is  but 
half  of  the  entire  heavens. 

Argelander  has  published  an  exact  catalogue  of  the  stars  visible 
on  the  horizon  of  Berlin  during  the  course  of  the  year.  Tliis  cata- 
logue comprises  3256  stars  *  According  to  Humboldt,  there  are 
4146  visible  on  the  horizon  of  Paris  in  the  whole  course  of  the  year ; 
and  as  this  number  increases  in  proportion  as  we  approach  the 
Equator,  that  is  to  say,  in  proportion  as  the  double  movement  of  tho 
earth  unfolds  to  us  during  a  year  a  more  extensive  portion  of  the 
heavens^  4638  stars  are  already  visible  to  the  naked  eye  on  the 
horizon  of  ^Uexandria. 

We  repeat,  the  maximum  number  is  comprised  between  5000  and 
6000  stars  for  the  entire  heavens,  including  those  seen  by  the  most 
piercing  and  most  accustomed  eyes  in  the  best  nights  for  observation. 
When  the  atmosphere  is  lit  up  by  the  Moon,  or  by  twilight,  or,  as 


♦  M.  He  is  (of  MuDster)  affirms  tbat  his  sight  ib  so  peaetrating  that  he  can 
perceive  with  the  naked  eye  2000  more  stars  tUau  those  catalogued  hy  Argelan- 
der in  his  Uranotnetria  Not^a.  On  the  other  hand,  there  are  many  eyes  which 
distinguish  at  most  stars  of  the  fifth  magnitude,  and  do  not  see  any  of  thase  of 
the  sixth. 

The  degree  of  visibility  of  the  stars  to  the  naked  eye  depends  also  on  the 
state  of  the  atmosphere,  on  its  degree  of  purity,  and  on  the  altitude  of  thu  place. 
Londoners,  to  be  assured  of  these  diflerences,  have  only  to  compare  the  sparkling 
sky  of  the  country  with  that  which  they  see  through  the  ha^c  which  almost 
constantly  envelopes  their  city. 


*ni 
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hnppLHiH  til  the  great  eeTitren  of  popiilatioTi,  by  the  il I urai nation  of  the 
iKiuMrK  aiifl  Htn^o(s,  tho  lowcnt  miigiiitude  «fars  are  etfacerl  ultogetlier, 
and  tht' iMiMid'T  of  tlioHo  visible  is  consequently  much  more  limited, 
VkU*  may  add,  in  conclusion,  that  the  moro  decided  the  scintillation, 
the  itjcar  easy  is  it  to  distinj^uish  very  faint  stLirs. 

A  word  now  on  the  number  of  stars  that  can  be  seen  with  the 
help  of  the  telescope.     Ilero  wo  shall  find  the  numbers  which  our 


f%,  127=  A  |m  t  id  l^  <jMi>»ttlbU*M>  ^i  i  Lu  T  i^  i.u^  ^  ^ 


^..  .  L^lc^..i*./ 


tuuigivmtion  luid  errcKDeoii&ly  led  us   to  believe  are  visible  to  the 

According  to  the  illustrious  Director  of  the  Ob8ennatoiy  of  Bonn, 
— ^Argelander — the  seventh  map^nitude  comprisejs  nearly  13,000 
atiiTs  :  the  eighth.  40»000 ;  and*  lastly,  the  ninth,  142,000.  The  cal- 
culations of  Striive  give   the  total   number  of  stars  visible  in  tie 

*  This  dmwing  is  tho  it^pnHlticticm,  cm  a  small  8oale»  of  ocie  of  the  mapa  of 
tba  bMntlftil  &clii4ic  AUas  publmhcil  bv  M.  Cbacofiac. 
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entire   heavens    by    the    aid    of   Sir    William    ITersrhel'g    20-foet 

reflwtor,  m  more  than  20,000,000.  But,  witliaut  cloubU  the?*e  ap- 
proximiite  numbers  are  miit*h  below  the  real  ones<  It  will  be  seen, 
besides,  that  the  richiie>«s  of  the  different  parts  of  the  heavens  in  stars 
is  very  uneqiiaL  The  bright  zone  known  under  the  name  of  the 
Milky  Way  alone  eontiiins,  according  to  Ilerschel,  18,000,000.* 

Nothing  is  more  curious  than  to  examine,  both  with  the  naked 
eye,  and  by  the  aid  of  a  telescope,  the  same  part  of 
the  sky.  There,  when  the  eye  ecareely  distinguishes 
a  few  scattered  stars,  the  telescope  reveals  thou- 
sanda*  The  two  figures  (127  and  128)  will  enable 
those  of  our  readers,  who  do  not  possess  a  telesoojM?, 
to  judge  of  the  surprise  experienced  by  those  who  Fi^'-  i-2«.— Tiio  Kimo 
make  tlm  observation,  ^i^„  ^^  the  Twi«, 

These  drawings  represent  the  same  part  of  the 
constellation  of  the  T^ins,  The  naked  eye  is  able 
to  Bee  six  stars.  Kow  the  same  celestial  region,  seen  by  the  aid  of 
a  refractor  of  six-inches  aperture,  contains  3205  Btars,  varpng  from 
the  third  to  the  thirteenth  magliitudes.  It  appears  as  a  perfect  mass 
of  luminoiis  points :  and  were  we  to  apply  to  the  same  region  in- 
struments still  more  powerful,  the  eye  would  then  discover  at  depths, 
so  to  speak,  infinite,  stars  of  all  the  smaller  magnitudes. 


(Gtaminj)  won  with 
n^kcd  eye. 


♦  M,  Chaconiac  considers  this  estimate  aa  even  less  than  the  number  of 
fttars  comprl^d  between  the  first  and  thirteenth  magnitudes,  "  For  my  part,''  he 
remark B,  **  according  to  Sir  William  Herschera  gauges,  and  those  of  the  Ecliptic 
Charts,  I  eatimato  at  77,fi(M),fX)0  the  mtniher  of  stars  comprised  in  tlie  first 
thirteen  magnitudes,  if  we  Uke  tlio  meati  indicated  in  tiie  preface  to  the  Cfita- 
lOgue  of  Besaela  Zones,  reduced  bj  Weiss.'*  What  would  the  number  become  if 
we  ailded  to  these  alreaily  prodigious  estimatas,  nil  the  stars  of  wliickthe  variotis 
star-olitsiors  now  known  are  composed  ? 
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General  Survey  of  the  Starry  Heavens— *Conatellations  visible  oa  the  Horizou 
of  Londoa — KortlierQ  Circumpolar  Zone- 

Before  studying  one  by  one  the  phenomena  which  the  starry 
heavenn  present  to  u^- — before  penetrating,  so  to  speiik,  to  the  heart 
of  the  visible  universe,  to  grtisp  its  marvellous  structure,  and  to 
embraee  in  thought  its  tremendous  extent,  it  is  well  to  familiarise 
ourselves  with  the  groups  of  stars  such  as  they  are  presented  to  the 
eye  of  an  inhabitant  of  the  Earth.  The  movements  with  which  the 
so-called  fixed  stars  are  endowed,  are  etfeeted,  as  we  have  before 
said,  with  extreme  slowness ;  it  follows,  therefore,  that  the  artificial 
groups  or  constellations  preserve  for  a  long  period  the  same  con- 
figurations. This  constancy  of  form,  joined  to  the  difference  of 
brightness  of  the  principal  stars,  will  enable  ua  to  extricate  ourselves 
from  the  apparent  chaos  produced  by  so  many  luminous  points 
scattered  on  all  sides  on  the  celestial  vault.  ^Vhen  we  shall  pos- 
sess, in  a  manner,  a  mental  map  of  the  sky,  we  shall  be  able  to 
follow  with  more  interest  the  particular  features  wliich  distinguish 
its  various  regions,  which  are  ae  varied  in  reality  as  they  are  at  first 
unifonn  in  appearance. 

In  oi'der  to  make  this  survey  of  the  heavens  we  must  choose 
a  station.  Let  it  be  London.  Ah  out  globe,  by  virtue  of  its  diurnal 
movement,  completes  an  entire  rotation  on  its  axis  in  about  twenty- 
four  hours,  it  follows  that  the  portions  of  the  celestial  vault,  visible 
at  our  station,  will  completely  defile  beft>re  us  during  that  time. 
Twenty- four  hours,  then,  would  suffice  us  to  make  our  wurA^ey,  if  tho 
illumination  of  the  atmosphere  did  no!  efface  the  stars  during  the  day* 
Tho  succession  of  day  and  night,  in  fact,  allows  us  only  to  see  a 
jMirtion  of  the  visible  stars  in  a  given  place  at  the  same  time  of  the 
vear. 
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Fortunately,  however,  owing  to  the  movement  of  the  Earth 
in  its  f>rhit,  this  difficulty  disappeara.  In  consequenee  of  this  move- 
ment, each  night  shows  us  fre^h  stars,  whilst  those  first  visihk% 
disappear.  In  the  course  of  a  year,  then,  the  Eurth  presents  a  dark 
hemisphere  to  every  part  of  the  sky — to  all  those  parts  at  least 
which  are  visible  on  the  horizon  of  our  station. 

Lastly,  it  must  not  be  lost  sight  of,  that  even  then  one  entire 
part  of  the  celestial  vault  will  ever  remain  invisible  to  \m  Londoners. 
Let  ua  recall  what  is  the  effect  of  the  diurnal  movement  of  rotation 
on  the  aspect  of  the  heavens  in  any  given  place,  like  Londo]i  the 
station  we  have  chosen.  A  point  situated  at  a  certain  height  above 
its  horizon,  and  towards  the  north  and  on  the  meridian,  remains 
immovable.  It  is  one  of  the  ixJes.  Starting  from  this  point  in  our 
survey,  the  stars  seem  to  describe,  from  rising  to  setting,  larger  and 
larger  circles,  in  proportion  as  they  are  situated  further  from  (he 
pole.  As  long  as  the  lower  arcs  of  these  circles  do  not  touch  the 
horizon,  the  stars  situated  on  them  do  not  rise  or  set,  and  therefore 
remain     constantly  ^^sihle;    these    are    the    northern    ciretimpoidr 

Beyond  these,  however,  the  circles  described  plunge  partly  be- 
low the  horizon ;  they  increase  as  far  as  the  Equator,  on  the  other 
(the  south)  side  of  which  the  stars  describe  shorter  and  shorter  arcs. 
The  last  ones  in  our  survey  scarcely  rise  above  our  horizon,  and, 
when  they  do,  shortly  set  and  disappear. 

It  follows,  then,  that  there  is  a  zone  of  stars  which  never  rises 
above  the  horizon  of  London,  and  which  remains  for  ever  in^^sible  to 
all  places  of  the  Earth  having  the  same  latitude.  These  stars  are 
those  which  surround  the  southern  pole  of  the  heavens,  and  which 
an  observer  would  become  acquainted  with  by  degrees,  in  apprdach- 
ing  the  equatorial  regions  of  the  Earth.* 

The  whole  of  the  heavens,  then,  in  our  middle  latitudes,  may  be 

*  By  Tirtoe  of  tbe  two  movements  of  the  Earth,  aad  of  its  spherical  form, 
tlie  portion  of  the  celeatial  sphere  visible  in  aoy  part  of  the  globe  varies  with  the 
latitude  of  the  place. 

At  the  Equator  the  whole  sky,  both  northern  and  aouthera,  passes  before  our 
view  at  night,  during  the  eatire  year.  The  two  poles  lie  on  the  horizon,  of  which 
they  mark  the  north  and  south  points  ;  the  celestial  equator  crosses  the  sky 
from  east  to  west,  passing  through  the  zenith. 

In  proportion  ab  we  travel  from  the  Equator  towards  one  or  other  pole,  the 
iwrtion  |of  the  visible  sky  diminishes  even  down  to  the  half,  for  at  the  poles 
themselves  only  one-half  of  the  bcavens,  north  or  south,  according  to  the  pule, 
is  seen.  The  celestial  equator  then  forms  the  horizon,  and  the  celestial  pole  is 
in  the  zenith. 

[A  little  thought  will  show  us  that,  as  seen  from  the  poles,  the  stars  never  set, 
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€ontfideri.'tl  us  ioniiiug  tlircc  zones,  the  tirat  always  visible  at  nig^ht 
wlieii  the  sky  is  elear,  wlmtever  muy  be  the  tinio  of  your,  the  secoinl 
visible  in  part  only  on  any  given  nif^ht,  the  third  always  invisible. 

Let  us  sncees&ivoly  pass  these  three  zones  under  review.  Lei 
us  occupy  ourselves  tirst  with  that  which  is  always  in  sight  when 
the  sky  is  clear,  on  all  the  points  of  the  Earth  which  have  the 
same  northern  latitude  as  London.  From  the  niouths  of  the  Thames 
and  Rhine,  as  far  as  the  southern  extremity  of  Kamtschatka,  passing 
by  Antwerp,  Casscl,  Central  Pohind,  t»renl)ourg,  Southern  Asiatic 
Ilussia,  and  Northern  Chimi,  in  the  Old  World,  and  the  iUeutian 
Islands,  Queen  Charlotte's  Island,  and  the  southern  parts  of  British 
North  America  in  the  New,  all  the  inhabitants  of  the  parallel  of 
which  we  speak  view  the  same  spectacle  during  the  w^hole  year; 
the  hour  only,  at  which  the  various  constellations  are  on  the  meridian 
of  the  variijus  places,  diffei's.  All  the  constellations  comprise<l  in 
this  zone  of  circnnipolar  stars  are  represented  in  Plate  XXV.  Let 
U8  try  to  recognise  them. 

Suppose  it  midnight,  at  tho  end  of  autumn,  near  the  20th  of 
December;  it  is  tho  night  of  the  winter  solstice.  Let  us  lot*k  towards 
the  north.  Let  us  imagine  a' circle  which,  touching  the  horizon  at 
the  north  point,  extends  somewhat  beyond  the  zenith.*  The  centre 
of  this  ideal  circle  will  be  found  a  little  above  a  point  nearly  equi- 
distant between  the  zenith  and  the  horizon ;  it  is  the  Northern  Pole 
of  the  Heavens.  Near  this  point  is  seen  a  rather  brilliant  star  of 
the  second  magnitude ;  it  is  named  the  Pole  Star.  As  it  is  im- 
portant to  know  how  to  recognise  this  star,  the  position  of  which 
remains  nearly  invariable  during  the  whole  course  of  the  year,  we 
will  show  how  this  may  be  done. 

If  we  examiiR^  the  right-hand  portion  of  Plate  XXV,  and  fig.  129, 
we  shall  find  a  group  of  seven  stars,  six  of  the  second  magnitude, 
one  of  the  fourth.  It  composes  a  constellation  of  the  northern 
heavens  known  for  ages  under  the  name  of  the  Great  Bear.  Let 
VLB  scan  well  this  part  of  the  Bk}%  whence  we  shall  soon  moke 
nmny  alignments  to  help  us  in  our  survey  of  the  starry  heavens. 
The  seven  stars  of  which  it  is  composed  may  be  divided  into  two 
groups,  the  first  of  which  towards  tho  upper  part,  ibnns  a  quad- 


they  petpctually  describe  circles  parallel  to  the  horizon.  At  the  Equator,  all  riatj 
and  fict  every  day,  the  movements  of  the  equatorial  stars  being  vertical.  lu  mid 
latitudes,  tho  paths  of  the  equatorial  atars  are  intermediate  between  tlicsc  two 
moia  directioiiB.] 

*  The  zenith  ib  the  £>oiat  of  the  heavens  situated  vertically  above  the  head  of 
the  observer. 


THE  aJNSTELLATIONS. 


*m 


rilateral,  which  is  culled  the  bmit/  tjf  the  Boar,  whilst  tlie  thi'ee 
lower  stura  form  ihc  futL  Tho  two  extreme  stars  ul'  the  butly 
are  culle<l  the  Poiiffn^^,^  Six  of  the  seven  prmeipal  star**  ai  this 
coDstellution  are  of  nearly  equal  brilliancy,  and  of  the  second 
magnitude.  But  it  is  easy  to  pereeive,  with  the  naked  eye,  that  the 
star  in  the  body  of  the  Bear  nearest  to  the  tail  is  inferior  in 
brilliancy  to  the  others;  it  ih  now,  indeed,  only  a  fourth -mag- 
nitude star,  although  in  the  seventeenth  century  it  was  us  briglit  us 
its  neighbours. 

The  Htar  in  the  middle  of  the  tail  (or  shaft,  if  we  tliink  ui 
Charles*  Wain),  is  accompanied,  on  the  left,  by  a  very  small  star 
called  xilcor,  easily  enough  distinguished  by  an  ordinary  eye.f     Tlie 


Fig.  1211.— TTio  sky  ol  Uiv  Ucmsoii  ui'  LamJuii.     Northeru  uirLtim polar  constclkiliuiiB. 

naked  eye  perceives  138  stars  in  the  Great  Bear,  amongst  whieh, 
besides  the  principal  seven,  are  eight  stars  of  the  tliird  magnitude, 
and  BIX  of  the  fourth  ;  the  others  belong  to  the  two  last  orders 
of  brightness  perceptible  to  the  unassisted  vision.  Fi*om  the  Great 
Bear  let  us  return  to  the  Bole  Star, 

To  do  this,  let  us  prolong  the  etraight  line  which  joins  the 
pointers,  so  called  because  they  point  to  it,  eorrying  our  eye  along 
this  line  towards  tlie  centre  of  the  portion  of  the  sky  in  our  sight 
when  looking  north.     At  a  diskince  of  about  live  times  the  apace 

♦  The  Grt^at  Bear  has  also  been  ch]\q4  '*  Charlca'  Wain." 
t  Haniboldt  atfiriiied  that  Alcor  could  ho  but  rarely  seen  with  the  naked  eyo 
in  Euro|>c.     l^ct  uur  rt'a<lers  judge  of  its  piebcnt  brightness  for  them«clvctj. 
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which  separates  these  two  stars,  we  shall  find  the  Pole  Star.  The 
Pole  Star  phiys  an  important  part  in  the  northern  heavens,  since, 
hein^  very  near  the  pole,  it  is,  so  to  speak,  one  of  the  pivots  of  the 
ideal  axis  round  which  the  Earth  executes  its  real  diuraal  rotation, 
and  the  heavens  their  apparent  one  in  the  opposite  direction.  It 
follows,  therefore,  that  it  appears  inuuovable,  and  always  preserves 
tho  same  elevation  ahove  the  horizon,  while  the  other  stars  de- 
scribe round  it  circles  of  unequal  size.  Thus  the  Great  Bear, 
situated  to  the  e\xst  of  the  pole  at  the  tinie  we  have  chosen  for  the 
conmiencement  of  our  inspection,  mounts  towards  the  zenith  as  the 
night  advances.  Towards  six  o'clock  in  the  morning,  it  will  be 
above,  or  to  the  south,  of  the  Pole  Star,  whilst  at  six  in  the  evening 
it  will  occupy  a  position  diametrically  opposite,  below  the  pole  and 
near  the  horizon. 

As  hU  the  stars  participate  in  this  movement,  it  is  clear,  that, 
as  their  relative  positions  do  not  change,  the  figures  of  the  groups 
remain  always  the  same.  This  must  he  well  borne  in  mind.  To 
the  west  of  the  Pole  Star,  at  the  same  height  above  the  horizon 
as  the  Great  Bear,  and  at  nearly  the  same  distance  from  the  pole, 
is  seen  another  group  of  six  stars,  of  which  two  are  of  the  second 
magnitude,  tliree  of  the  tliird,  and  one  of  the  fourth.  This  is 
the  constellation  Cassiopea,*  which  contains  sixty-seven  stars  visible 
to  the  naked  eye.  The  six  which  we  have  mentioned  form  a  kiiid 
of  reversed  chair,  or  a  had  W,  the  figui'o  of  which,  once  thoroughly 
caught,  renders  this  constellation  easy  to  rccognif^e. 

Between  tho  Great  Bear  and  Cassiopea  is  the  Litti-e  Bear,  of 
which  the  Pole  Star  is  the  most  bnlliant  star.  Of  tho  twenty-seven 
stars  ^^sible  to  the  naked  eye  which  con^pose  it,  there  are  seven  which 
form  a  tigure  having  a  great  resemblance  to  the  seven  stars  of  the 
Great  Bear,  but  arrangcil  in  mi  inverse  order:  the  four  intermediate 
stars  arc  seen  with  difficuUy. 

Below  the  Little  Bear  a  series  oi'  stars  forms  a  sinuous  line 
prolonged  nearly  to  the  pointers,  and  terminated  at  one  extremity  by 
a  group  of  four  stars  arranged  in  the  fonn  of  a  trapezium.  This  is 
the  Dragon^  which,  among  130  stars  visible  to  the  nakwl  eye,  con- 
ttttiis  one  only  of  the  second  magnitude  and  nine  of  the  third. 

Cephei  s,  the  Giraffe,  and  the  Lynx,  are  three  other  constella- 
tions near  the  pole  ;  the  first  between  the  Little  Bear  and  Cassiopea  ; 
the  second  opposite  the  Dragon ;  the  third  on  the  same  side  aa  the 

*  Bj  drawiiig  a  line  from  the  middle  st^ir  of  the  Great  Bear  (the  least  bril- 
liant of  the  seven),  to  the  Pole  Star,  and  prolouging  it  tQ  a  ncftrly  equal  distance, 
the  star  Beta  {$)  Caasiope£c  is  reached. 
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second.  Neither  one  nor  the  other  offers  anything  very  remarkable, 
©specially  the  Giraffe  and  the  Lynx»  all  the  stara  in  wliicb  constella- 
tions are  at  most  of  the  fonrtli  magnitude. 

Among  all  the  stars  which,  on  the  horizon  of  London,  never  sot, 
the  brightest  is  a  star  of  the  first  mag^iitude,  known  under  the  name 
of  Capella,  in  the  eonstcllation  of  AriiifiA. 

About  the  20th  of  December,  at  midnight,  Cni>ella  is  near  the 
zenith,  as  represented  in  Plate  XXV.  This  remarkable  star  can  be 
found  by  prolonging  the  line  which  joins  the  two  stu^rs  of  the 
quadrilateral  of  the  Great  Bear,  nearest  ibo  pole.  Aiirig;i,  which 
contains  sixty-nine  stars  visible  to  the  naked  eye,  comprises,  besides 
Capella,  one  star  of  the  second  magnitade,  and  three  others  between 
the  third  and  fourth. 

In  the  number  of  the  constellations  visible,  at  least  partly,  during 
the  whole  year,  the  stars  of  which,  as  they  surround  the  pole,  have, 
as  we  have  seen,  received  the  numc  of  Circmnpolar  star^i,  must  be 
ranked  Perseus,  situated  near  Auriga,  It  occupies,  at  the  time  wg 
have  chosen,  a  western  position,  relatively  to  this  latter  constellation, 
above  Gassiopm.  Of  eighty-one  stai*s  visible  to  the  naked  eye,  one  is 
of  the  second  magnitude,  i^ix  are  of  brightness  supcriru'  to  the  ftmrtlj. 
Among  these  latter  is  Algol,  noted  for  its  variable  light,  alternatively 
passing  from  the  second  to  the  fourth  magnitudes.  We  shall  speak, 
further  on,  at  some  length  on  this  singiiltir  star. 

Before  continuing  our  description  of  the  celestial  vault,  and  of  the 
groups  into  whifJi  the  stars  have  bi:H^?n  formwl,  wo  will  say  one  word 
on  the  aspect  of  the  northern  eircmnjwlar  zone. 

We  have  supi>osed,  to  describe  it,  that  the  time  of  obaervation  was 
midnight,  on  the  20th  of  December.  But  it  is  easy  to  find,  by  the 
help  of  Plate  XXV,  the  actaal  appearance  and  the  positions  of  the 
various  constellations  for  any  hour  of  the  night  or  any  night  of  the 
year*  We  know  that  the  entire  rotation  of  the  diurnal  movement  is 
effected  in  twenty-four  sidcreai  hours.  In  six  hours,  therefore,  a 
quarter  of  the  total  movement  is  accompli  shed,  and  it  therefore 
follows  that  a  constellation — such  as  Cassiopca,  for  example— which 
at  midnight  is  to  the  left  of  the  pole,  was  above  it  at  six  o'clock  in 
the  evening,  and  will  be  found  below  it,  near  the  horizon,  at  six  in 
the  morning. 

Ilence,  if  the  Plate  is  turned  round  so  as  to  have  its  top  and  sides 
at  the  bottom  by  turns,  to  show  on  the  horizon,  as  it  were,  euch  of  its 
four  sides,  the  successive  positions  of  tlie  stars  of  the  circumpolar 
S6onc  for  the  following  hours  will  be  by  turns  I'opresented :- — 
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I  Plate,  as  it  stands,  represents  the  stars  as  seen  at  midnight. 
With  its  right-hand  side  at  bottom at  6  p.m. 
With  its  top  at  bottom at  hoon.* 
With  its  left-hand  side  at  bottom at  6  a.m. 

By  placing  the  Plate  in  intermediate  positions,  we  may  represent 
progressively  the  rotation  of  the  starry  vault  at  all  the  hours  of  the 
night  between  those  that  wo  have  indicated. 

From  one  day  to  another  this  aspect  will  change,  each  star  occu- 
pying carUor  the  position  of  the  preceding  nights.  The  rate  of  this 
yearly  progression  is  six  hours  in  three  months.  Consequently,  if 
we  again  take  in  the  same  order  the  four  positions  before  indicated, 
they  will  correspond  to  the  following  days  of  the  year,  and  hours  of 
the  day :  — 

Plate  as  it  stands  .  .  . 
Right-hand  side  at  bottom 
Top  side  at  bottom  .  .  . 
Left-hand  side  at  bottom  . 

*  At  this  time,  as  we  all  know,  the  stars  are  **put  out"  by  the  superior  light  of 
day.  Still  the  constellations  and  stars  occupy  the  positions  indicated  on  the 
Plate.  This  may  bo  proved  by  asing  a  telescope  of  sufficient  power,  in  which  the 
various  stars  are  rendered  visible,  down  even  to  the  small  magnitudes,  according 
to  the  power  of  the  instrument. 


22ud  March. 

21st  June. 

22Qd  Septombor 

6  p.m. 

Noon 

6  a.m. 

Noon 

6  a.m. 

Midnight. 

6  a.m. 

Midnight    . 

6  i>.m. 

Midnight    . 

6  p.m. 

Noon. 
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THE  CONSTELLATIONS  (Continued). 


Our  Survey  (continued),  Equatorial  and  Southern  Constellations  visible  on  the 

Horizon  of  London. 


Let  us  return  to  the  stars  visible  at  midnight  on  the  20th  of 
December. 

Plate  XXVI  represents  the  southern  part  of  the  starry  vault, 
seen  as  it  appears  if  we  turn  our  back  to  the  circumpolar  stars,  a 
description  of  which  occupied  our  last  chapter.  . 

This  immense  zone  very  nearly  embraces  half  the  horizon  from 
east  to  west,  passing  by  the  south,  and  extending  in  altitude  to 
the  zenith.  It  comprises  the  most  beautifid  constellations  and  the 
most  brilliant  stars  in  the  heavens.  It  is  divided  obliquely  by  the 
Milky  Way. 

Orion  occupies  nearly  the  middle  view.  This  magnificent  con- 
stellation forms  a  quadrilateral,  higher  than  it  is  broad,  in  the  centre 
of  which  three  stars  of  the  second  magnitude  are  arranged  in  a 
straight  line. 

Two  of  the  stars  of  the  quadrilateral,  named  Betelgeuse  and 
Rigel,  are  of  the  first  magnitude.  Betelgeuse  is  remarkable  for  the 
reddish  tint  of  its  light.  Among  the  115  stars  visible  to  the  naked 
eye,  besides  the  two  most  brilliant,  are  included  four  of  the  second 
magnitude,  and  five  between  the  second  and  the  fourth. 

In  prolonging  towards  the  north-west  the  line  formed  by  the 
three  stars  in  the  belt  of  Orion — the  name  given  to  them — the  eye 
perceives  a  red  star  of  the  first  magnitude :  this  is  Aldebaran,  the 
most  beautiful  star  of  the  constellation  of  the  Bull.  Aldebaran  is  in 
the  midst  of  a  group  of  small  stars  named  the  Hyades,  A  little 
farther,  in  the  same  direction,  will  be  found  the  PkiadeSy  so  easy  to 
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i*etjogiiiee  in  the  heavens  by  rcneou  of  the  six  stara  visible  to  the 
iiiikofl  t've,  which  compose  this  interesting  group.  The  ISull  contains 
121  stars  visible  to  the  naked  eye  below  the  second  mag^iitude. 

If  now  we  prolong  towards  the  south-east  of  Orion  the  line  which 
hiXB  found  for  us  Ahlcbarun  on  the  north  went,  we  perceive,  near  the 
ed^e  of  the  ildky  Way,  the  eonstclliition  of  the  Orkat  Dog,  which 
includes  Sirius,  the  most  brillinnt  star  in  the  two  hemispheres,  re- 
iinirkuble  on  at  count  of  its  scintillation  and  by  its  dazzling  whiteness. 

Towards  the  west,  and  nearly  at  the  nunie  height  as  Beielgeuse, 
shines  FriK't/ottf  on  the  other  side  of  the  ^lilky  Way.  This  is  a  star 
of  the  first  magnitude,  and  the  most  brilliant  one  in  the  eonstellalion 


Fig,  \9Q,—Th9  bMTeoB  on  tlic  horixon  of  Jjondon.    EqiiaioHaJ  soae.    Orion. 

of  the  Lhti.e  Doo.  Betelgeuse,  Sirius,  and  Procyon  farm  a  triangle, 
the  throe  sides  of  which  are  nearly  of  the  same  apparent  length 
(tig.  1^)0).  This  circumstance  enables  uh  easily  to  recognise  these  stars. 

Above  Procyon,  and  towards  the  Kenith,  Cmfor  and  Polhtx  point 
out  the  Tvvixs,  which  inclndcj  besides  tbcj^e  two  stars  of  the  first  and 
second  magnitudes,  ftfty-one  stars  visible  to  the  naked  eye.  Towards 
the  west,  and  by  the  side  of  the  Pleiades,  lies  the  constellation  of  iho 
Kam\  and,  a  little  below,  those  of  the  Whale  andEmnAMs,  neither 
of  which,  in  those  parts  visible  to  us  in  London,  contains  any  stars  of 
the  first  magnitude. 

But  while  we  are  enumerating  and  contemplating  this  brilliant 
portion  of  the  heavens,  the  stars  defile  across  it»  set,  and  disap])ear  in 
tlie  west,  wliilat  others  rise  in  the  cast,  revealing  new  constellations. 
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Before  paaaing  these  undor  review,  we  rany  mention  that  the 
southern  horizon,  represented  in  Plat©  XSVI,  presenta  the  same 
aspect  at  the  ei>oehs  and  hours  mentioned  below : 


Midnight      ,..,,. 
8ii  o*dock  in  the  evening 
Noon       ....... 

Six  o'clock  in  the  mornin;^ 


20tU  of  December, 
22ndof  March- 
20th  of  June. 
22nd  of  September 


From  the  20th  of  December,  tbo  time  of  the  winter  Roktice,  to 
the  22nd  of  March — the  venial  equinox — by  reason  of  the  Earth's 
jfjiirneying  along  its  orbit,  the  part  of  the  heavens  opposed  to  the 
Sun,  and  therefore  visible  at  night,  changes  progreBsively.     By  this 
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F^.  ISl.— Ttw  hcaveiu  on  tho  boriaoa  of  LoudocL    SquAtortAl  tone.    The  Lloa. 

movement  from  west  to  enst,  we  gradually  see  new  eastern  constel- 
lations at  the  same  hours  of  the  night. 

Thus,  by  the  22nd  March,  at  niiduight,  the  aspect  of  the  southern 
iirry  vault  has  almost  entirely  changed,  and  in  place  of  Orion,  which 
Is  then  setting,  the  Lton  occupies  the  centre.  The  sky  then,  looking 
Houth,  presents  the  appearance  represented  in  Plate  XXYIP  The 
Milky  Way  is  inclined  to  the  west,  and  cuts  the  horizon  towards 
the  north » 

The  principal  stars  of  the  Lion  form  a  kind  of  trapezium,  the 
ivesteni  side  forming  a  half  circle  like  a  sickle*  It  is  at  the  lower 
extremity  of  the  handle  of  this  instrument  that  Regulus,  a  star  of 
the  tlrst  magnitude,  which  is  also  named  the  Lion's  Heart  {Cor  Leofii^) 
shines,     Denehoh  is   the  star  situated  at  the  other  extremity  of  the 
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trapezium.  Of  tho  seventy-five  stars  visible  to  the  naked  eye  in  tins 
constellation,  without  counting  Regulugi,  there  are  three  of  the  second 
magnitude  and  iive  of  the  third.  Three  stars  of  the  first  order  shine 
with  Eegulu^iu  the  heavens  visible  to  us,  at  the  time  welmveehosen. 
In  the  south-west,  Procyon  is  not  yet  set.  Then,  at  the  some  altitude 
as  this  star,  hut  to  the  ea^t  of  the  Lion,  is  Spica  in  the  Virgin, 
which  mil  soon  ascend  the  meridian,  and,  lastly,  Ahctijrus,  the  most 
brilliant  star  in  the  eonatellation  BwrES.  Spica,  ArctnrifH^  and 
Dviiehfda  form  the  sumniits  of  a  triangle,  the  sides  of  which  are 
nearly  equal,  and  of  which  the  line  which  joins  the  two  latter  stars 
forms  the  base,  nearly  parallel  to  the  horizon  (fig,  131). 

The  Virgin  and  Bootes  are,  with  the  Lion,  the  most  important 
constellations  in  view.  The  first  contains  a  hundi-td,  and  the 
second  eighty-five  stars  visible  to  the  naked  eye,  amongst  w^hich 
sixteen  exceed  in  brilliancy  stars  of  the  fourth  miignitude.  Between 
the  Lion  and  Bootes,  a  cluster  of  stars  l}dng  very  near  together  is 
perceived:  this  is  Berenice's  Hair.  To  the  etist  of  Arctunis,  six 
stars,  arranged  in  a  half  circle,  the  most  brilliant  of  which  is  named 
AlpMa,  form  the  Northern  Crown,  below  which  are  found  the 
Head  of  the  Serpent  and  <  Jpiiruciius.  Lying  round  Spica»  and 
a  little  below,  towards  the  horizon,  are  distingidshed  the  Balance, 
the  Crow,  and  the  Cup,  Tlie  two  first  constellations  only  contain 
a  few  sturs  ot"  the  second  magnitude.  Lastly,  in  the  mist  on  the 
horizon  appear  a  few  stairs  of  the  Scorpion  and  the  Centair,  con- 
stellations wbieb  we  shall  again  meet  in  our  survey  of  the  celestial 
asone  which  surrounds  the  stmt  hern  pole. 

To  conclude  our  examination  of  the  constellations  visible  on  the 
22nd  of  March,  iii  midnight,  we  mast  notice  the  FIuNTiNr.  Dnr.s, 
above  Berenice's  Hair ;  the  Liri  le  Lion,  above  the  Lion ;  the 
Crab,  to  the  west  of  Regulus  ;  and,  lastly,  close  to  the  horizon  and 
the  Milky  Way,  the  Water  Snake,  where  brilliantly  shines  Cor 
Hi/th'w^  a  variable  star  of  the  scf^ond  nuignitude,  and  the  Uxicohn, 
Ix'low  Procyon, 

The  zone  which  we  have  just  described  occupies,  on  the  Imrizon 
(»f  Ixjndon,  the  same  jwsition  at  the  following  epochs  and  hours  :  — 

Itfarch  22nd Midnight, 

.1  une  2Mi  .......  Six  o'clock  in  the  evening.* 

September  2 '2nd Noon, 

December  20th    .....  Six  o'clock  in  the  raomiag. 


•  We  must  here  make,  with  rcferenoe  to  the  20th  of  Junc^  the  same  remark 
for  six  o'clock  in  the  evening  in  summer  as  we  have  already  done  for  midday : 
the  brightness  of  the  atmosphere  renders  the  stars  invisible. 
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On  the  20th  of  June,  at  midnight,  anuthor  part  of  the  eqiuitorial 
zone  passes  before  our  eyes.  Looking:  eoiith,  the  aspect  of  the  sky 
will  be  as  represented  in  Plate  XXVIII. 

The  coustellatiuns  of  the  Nurlheiii  Crnwn  and  Bootes^  the  Ser- 
pent, the  Balance,  and  the  Virgin^  which,  on  the  22nd  of  Marc*h, 
occupied  the  eastern  part  of  the  starry  vault,  arc  now  at  the  west. 
Arcturus  is  situated  vertically  above  Spica.  The  Jlilky  Way,  now 
divided  into  two  large  branches,  rises  obliquely  from  the  southern 
horizon  towards  the  north-east. 

Three  stars  of  the  first  magnitude  shine  at  unequal  heights  in 
three  different  constellations,  These  are,  going  from  west  to  east, 
AftfareSf  or  the  Heart  of  the  Bcorpion,  which  scarcely  rises  above 


Tlic  hcav^iiB  of  the  bcirixoxi  of  L^Huitti      K>[nntoTm\  r.nnv. 

the  horizon  near  the  Milky  Way.  xVfterwards  comes  Vefja,  in  the 
Lyme,  which  is  nearl)^  in  the  zenith,  and,  hiHtly,  at  a  mid  height, 
Afaii\  in  the  Eaci.k. 

A  few  words  on  the  constellations  now  in  view. 

We  have  first,  to  the  west  of  the  Northern  OroT\"n,  nearly  in  the 
zenith,  Herciiles,  which,  in  a  total  number  of  105  stars  visible 
to  the  naked  eye,  includes  only  two  approaching  the  second  mag- 
nitude, and  ten  between  the  third  and  fourth.  It  is  towards  a 
point  in  this  constellation,  as  we  shall  see  anon,  that  our  Sun 
is  actually  travelling,  carrying  with  him  all  his  system  of  planets, 
satellites,  and  comets. 

To  the  east  of  Hercules  is  the  Lvre,  where  we  have   already 
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noticed  the  brilliant  luid  wliite  Vega,  easily  recognised  by  the  four 
stars  which  foi-ni  below  it  a  little  parallelogram. 

Still  going  towarda  the  west,  to  the  left  of  the  Lyre^  the  constel- 
lation of  the  Swan  is  noticwl :  this  travcrijes  the  Milky  Way,  and  its 
most  brilliant  star,  Alpha  Cygni^  is  between  the  first  and  second 
niagiiitiidos.  This  star  forms,  w^ith  four  others  of  the  third  mag- 
nitude, a  large  cross,  which  at  this  hour  is  inclined  to  the  horizon, 
and  serves  to  distinguish  the  constellation  to  which  it  belongs. 

Alpha  Cf/gni  forms  also,  with  Atair  and  Yega,  a  large  isosceles 
triangle,  that  is,  a  triangle  two  sides  of  which  are  nearly  equah 
In  tlie  Swan  is  found  a  small  star  which,  though  scarcely  visible  to 
the  naked  eye,  is  celebrated   in   a«tronomieal  annals   as  being  the 


¥iii.  1:13,— The  heftToni.  of  the  horbon  of  Londou.    The  Lyro,  Swan,  and  Ea^le. 

first  the  distance  of  which  has  been  measured.  The  Swan  dbntaina 
14  >  stars  pereeptiblo   to  the  unaided  sight. 

The  Fox,  the  Arrow,  the  DuLriuN,  between  the  Lyre,  the  Swan, 
and  the  Eagle,  contain  no  remarkable  star. 

Near  the  horizon  towards  the  east  ore  perceived  the  constella- 
tions of  the  WATEUHt^AitER  and  of  the  Goat;  then,  partly  in  the 
Milky  Way,  the  Aeciiek.  Here  we  again  meet  the  stars  of  the 
Scorpion,  amongst  which  is  Antiires,  which  will  soon  disappear  under 
the  horizon,  with  the  four  stars  with  which  it  forms  a  sort  of  fan. 

Above  the  Scorpion,  Ophiuciius  and  the  Serpent  are  entirely 
Wsible.  Four  stars  of  the  second  magnitude,  and  seventeen  between 
the  second  and  the  finirth,  are  met  with  iu  these  constellations. 
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And  hore  we  finish  our  survey  of  the  equatorial  zone  of  stars 
vi8il>lc  at  midnight  at  the  sunmaer  solatice.  This  zone  presenta  the 
same  appearance  at  the  four  following  epochs  :  — 

June  2r*th Midnight, 

September  2ind Six  o'clock  in  the  eveniog* 

Decemlier  20th Noon. 

March  22ad  .,..,,,  Six  o'clock  in  the  morning. 

It  remains  for  us,  in  order  to  finish  our  description  of  the  stars 
visible  above  the  horizon  of  London,  to  pass  in  review  the  uonstella' 
tions  of  the  equatorial  zone>  as  they  appear  at  midnight  at  the 
autumnal  equinox. 


^  Ml  R  0  1»** 


^        ^      ,    1    .    K    E    s 


Fig.  194.— Tbfi  hofiTfltiM  aI  tltfl  boHjum  of  IjDudon.    EquatorlA]  Bone. 

If  at  that  time — the  22nd  of  September,  at  midnight,— we  turn 
our  eyes  towards  the  soutli,  we  embrace  in  our  view  all  the  region  of 
the  sky  which  extend.*^  from  the  west  to  the  east  as  far  as  the  zenith. 
Plate  XXIX  reproduces  the  aspect  of  the  celestial  vault  at  this  hour 
and  time  of  the  year. 

In  the  west  appears  Atair,  in  the  Eagle,  and  higher  up  the 
Swan  ;  at  the  east,  the  Pleiades,  and  the  Bull,  in  which  constella- 
tion shines  Aldebaran.  t^ri^n,  already  partly  visible,  will  soon 
jnount  above  the  horizon.  Wo  have  surveyed,  between  December 
and  September,  three  quaiiers  of  the  sky,  which  have  defiled  before 
our  eyes,  or  rather  the  whole  starry  vault,  if  wo  iuchidc  the  stars 
now  visible. 
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Towanls  the  middle  of  tin?  lioiivoiiti,  a  little  nearer  the  ;!enith  than 
the  horizon,  lies  a  large  square  of  four  stars,  three  of  which  are 
of  the  second  and  one  of  the  third  magnitudes.  CIo»e  to  this,  and 
on  the  eastern  side,  are  three  other  stars  of  the  second  magnitude, 
about  the  same  distances  apart ;  these  make  of  the  square  which  we 
Tiave  mentioned  a  much  more  extended  figure,  having  a  greut 
resemblance  to  the  group  of  the  seven  principal  stars  of  the  Gi^eat 
Bear,  Of  these  seven  stars,  tbree  belong  to  the  constellation  of 
Pkoasts,  three  to  Andromeda,  and,  lastly,  the  most  eastern  one  is 
no  other  than  Algol,  the  variable  star  in  Perseus, 

Andromeda  and  Pegasus  contain  between  them  191  stars 
visible  to  the  naked  eye,*  amongst  which  twelve  only  exceed  the 
fourth  magnitude. 

Between  the  sgttfire  of  Pegmm  and  the  Bull  we  meet  with  two 
constellations,  the  FtsiiES  and  the  Ram  :  this  latter  contains  only 
two  rather  brilliant  stars,  situated  at  nearly  equal  distances  from 
the  Pleiades  and  the  two  eastern  stars  of  the  square  of  Pegasus, 
Below  the  Fishes  and  the  Ram  is  the  Wh at,e,  some  of  the  stars  of 
which  are  below  the  horizon, 

vVmong  Tiiuety-eight  stars  \dsible  to  the  naked  eye  in  this  con- 
stoUation  six  are  between  the  second  and  fourth  magnitudes,  and 
two  of  the  second. 

Among  the  firyt,  one  is  very  remarkable  on  account  of  the 
|K*riodical  variations  of  it-a  brightness,  which  sometimes  cause  it  to 
appear  as  a  star  of  the  fourth  magnitude,  and  sometimes  efface  it 
suffieiently  to  render  it  invisible  ;  this  is  Mirn  (t!ie  mnrvr IIouls^,  or 
«  Ceti, 

To  the  west  of  this  constellation,  wc  again  ^nd  the  Water  bearer 
and  the  Goaf,  then,  quite  to  the  south,  ami  touching  the  horizon, 
the  stars  of  the  Southern  Fish,  amongst  which  we  may  distinguish, 
if  the  atmosphere  be  pure,  and  terrestrial  objects  do  not  intervene, 
FmnalhftHt^  a  beautiful  star  of  the  first  magnitude. 

The  zone,  which  we  have  passed  under  re\4ew,  offers  the  same 
aspect  at  the  following  epochs  and  hours : 


September  22itd 
December  :20th 
March  2:2nd  .     . 
Juno  20th      .     . 


.  ,  Midnigbt. 

.  .  Six  o'clnck  in  the  evening, 

.  .  Noon. 

.  .  Six  o'clock  in  the  morning. 


Ijet  us  add,  in  terminating  this  rapid  review  of  the  southern  ]>art 
of  the  sky,  visible  in  London,  that  the  four  Plates  wJiieh  have  help^tl 
us  to  recognise?  the  different  eonstellationa  may  also  be  used  at  other 
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epochs  of  the  year,  and  at  other  hours  of  the  night.  Only,  the  stars 
still  preserving  the  same  relative  positions,  will  be  diversely  inclined 
to  the  horizon.  The  more  the  hour  is  advanced  beyond  midnight, 
then  the  more  will  the  western  stars  have  disappeared,  while  more 
new  stars  at  the  east  will  be  seen.  This  constant  change,  which 
results  from  the  diurnal  movement  of  the  Earth,  will  be  produced  in 
the  same  manner,  if  we  pass  from  one  day  to  the  other,  or  from  one 
month  to  the  following  one,  so  that  at  the  same  )^o\it  of  the  night 
the  stars  successively  visible  in  the  same  part  of  the  sky  are  situate 
in  constellations  more  and  more  eastern. 

We  have  already  said  that  this  second  apparent  movement  of  the 
starry  vault  is  due  to  the  translation  of  the  Earth  in  its  orbit.  This 
is  effected  with  great  slowness.  Thus,  for  example,  the  displacement, 
which  requires  six  hours  of  diurnal  rotation,  demands  three  whole 
months  of  annual  revolution. 
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IV. 


THE  CONSTELLATIONS  (Continukb). 


Our  Survey  of  the  Stany  Heavon»  (continueil) — Southern  Circumpolar  Zone — 
Stars  invisible  at  Londoa. 


FrioM  the  Northern  hemisphere  of  the  Earth,  where  we  have  been 
plared  until  now  to  ohserve  the  starry  vault,  li*t  uh  transport  our- 
selvcH  to  the  Sotitliorn  one.  Let  us  ehoose  a  place,  the  distaiiee  of 
which  from  the  Equator  is  prcHunely  the  mmv  m  that  of  our  first  post, 
that  is  to  say,  one  situated  on  the  parallel  which  passes  through  the 
antipodes  of  London.  Let  us  suppose  ourselves,  for  example,  placed 
on  a  part  of  the  eoagt  of  l*atafj^onia,  near  to  the  south  jxiint  of  South 
America.  There,  all  the  st^irB  Ibrming  the  Northern  eireumpolar 
zone,  whieh  on  the  parallel  of  Paris  never  set,  would  be  constantly 
invisible,  Ixioking  away  from  the  Equator,  that  is  to  say,  towards 
the  North,  we  shall  see  pass  before  us,  frmn  one  end  of  the  year  to 
the  other,  all  the  constellations  of  the  equatorial  zone  which  wo 
have  just  described. 

Ikit  the  stars  will  here  l>e  found  arranged  in  an  entirely  inverse 
order,  at  least  relatively  to  the  horizon ;  so  that  the  two  stara  of  tho 
o-reat  quadrilateral  of  Orion,  which  in  London  formed  the  base, 
apjKnir  as  the  tqjper  side ;  Siriua,  which  appears  in  the  North- 
ern hemisphere  to  the  left  and  below  Orion,  will  be  here  found  to 
the  right,  and  higher  on  the  horizon.  This  change  of  aspect  is  easily 
explained  by  the  complete  change  of  the  observer*s  i>osltion.  But 
if  we  look  southwards,  we  shall  be  able  to  observe  a  number  of 
stars  unknown  to  the  terrestrial  zone  which  extends  frt>m  the  paral- 
lel of  London  as  far  as  the  northern  pole.  These  are  the  constel- 
lations which  surround  the  southern  pole  of  the  heavens,  and  which 
never  set  on  our  new  horizon.  Tf,  then,  we  paas  in  review  this  zone, 
we  shall  have  termiiuite<l  unr  description  of  the  whole  celestial  vault. 
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Let  us  ctoose  the  20th  of  December,  the  period  of  the  winter 
solstice, — the  commencement  of  the  warm  8eat*ou  in  the  southern 
hcmiNphere,  It  is  midnight,  and  the  perfeetly  pure  atmosphere 
permits  us  to  contenndate  the  sky  in  all  ita  splendour.  Piute  XXX 
represents  the  position  of  the  constellationa  as  viewed  from  our  new 
stund-|xnnt»  at  this  hour  and  time  of  the  year.  The  Milky  Way, 
ramified  into  diverse  hranchcs,  rtseii  slightly  inelined  on  the  horizon, 
on  the  left,  that  1%  the  eastern  side.  But  what  at  first  most  strikes 
UiS  in  the  celes^tial  pieturc  spread  out  before  us  is  the  multitude  of 
brilliant  stars  which  follow  the  conrse  of  the  Milky  Way  as  far  as 
the  zenith^  and,  passing  over  our  heads,  go  bebind  us,  to  rejoin  Sirius, 
Procyou,  ^Vldebarau,  nearly  on  the  northern  horizon. 


Fi^.  IJMi.— §Ura  Ui visible  &t  fvoitduu.    Soutlwnt  cirtniuipolar  xono.    Tho  Southum  Croea 

Let  US  lM3gin  by  the  constellations  which  compose  this  glorious 
girdle. 

Nearly  at  the  height  of  the  pole,  four  stars,  one  of  which  is  of 
the  first,  and  two  of  the  second  magnitude,  form  an  elongated  figure 
lying  parallel  to  the  horizon.  These  are  the  princiiml  stars  of  the 
JSoiTiiKRN  Ceoss— tbepule-star  of  the  South. 

Below  the  most  brilliant  star  of  the  Cross,  and  between  two 
branches  of  the  Milky  Way,  two  stars  of  the  first  magnitude  point 
uni  the  great  constellation  of  the  CENir,\rR,  in  which  the  eye  perceives 
five  stars  of  the  set^ond  magnitude.  The  Centaur  extends  to  the  east 
and  north  of  the  Cross,  which  it  nearly  entirely  surrounds.  Wc 
shall,   in   n   future   chapter »  havt^  ncca-^^iou  to  speak  of  the  brightest 
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clouds  of  unequal  size,  which  seem,  at  first  sight,  detached  portions 
of  the  Milky  Way  itself ;  these  are  the  Great  and  Little  Clouds, 
which  astronomers  still  designate  under  thp  popular  name  of  Ma- 
gellanic Clouds.  We  shall  subsequently  describe  in  detail  these 
curious  appearances. 

If  we  turn  to  Plate  XXXI,  so  as  to  place  at  the  bottom  each  of  its 
sides,  the  aspect  of  the  sky  will  be  represented,  for  all  points  of 
the  terrestrial  parallel  which  have  the  same  latitude  as  the  antipodes 
of  London.  It  will  here  suffice,  to  obtain  these  different  positions, 
to  refer  to  what  we  have  said  about  Plate  XXVII,  always  taking  care 
to  transpose  the  words  right  and  left. 

Now,  that  the  appearance  of  the  sky  is  known  to  us,  we  will 
examine  into  it  a  little  more  closely,  and  study  in  detail  these 
thousands  of  fires,  these  suns  and  groups  of  suns,  which  the  telescope 
multiplies  with  such  an  astonidiing  profusion. 
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V. 

DISTANCES  OF  THE  STARS. 


Distances  of  some  Stars  from  the  Earth — Time  required  by  Light  to  reach  the 
nearest  Stars — A  rough  sketch  of  the  Dimensions  of  the  Visible  Universe. 

The  stars  are  suns. 

Each  of  those  luminous  points,  which  the  unassisted  sight  reveals 
to  us  by  thousands  on  the  vault  of  heaven,  which  the  telescope  shows 
by  millions  in  the  depths  of  space,  shines  with  its  own  light.  Each 
star  is  a  focus  from  which,  doubtless,  bodies  analogous  to  the  planets 
of  our  own  system,  and  forming  with  their  central  sun  a  system 
similar  to  ours,  receive  light  and  heat.  The  stupendous  con- 
ception, which  affirms  the  whole  visible  universe  to  consist  of  an 
almost  infinite  miiltitude  of  suns,  is  no  longer  a  gratuitous  hypo- 
thesis, or  a  simple  conjecture ;  it  is  one  of  the  most  firmly  established 
truths  of  astronomy. 

The  data  which  science  now  possesses  relating  to  the  immense 
distances  of  the  stars,  of  those  even  nearest  to  the  Sun,  place  the 
Amdamental  fact,  that  each  star  is  a  light-source,  and  does  not 
shine  with  radiance  borrowed  from  the  Sun,  beyond  all  doubt. 

We  will  in  this  place  go  over  the  evidence  on  which  this  asser- 
tion depends.  We  shall  by-and-by  endeavour  to  give  an  idea  of 
the  methods  which  have  furnished  it. 

As  long  as  we  were  dealing  with  our  own  system,  we  found  it 
possible  to  express  the  various  distances  by  taking  the  diameter 
of  our  own  globe  as  a  standard  measure — as  a  unit.  Thus  we 
found  the  mean  distance  from  the  Earth  to  the  Sun  to  be  about 
12,000  Earth-diameters,  or  95,000,000  miles  ;  and  the  vast  dis- 
tances which  separate  the  Sun  from  the  planets,  situated  on  the 
confines  of  the  solar  systean,  were  expressed  in  the  same. manner. 
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But  when,  breaking  the  bounds  of  our  sokr  system,  astronomers 
wished  to  measure  and  to  express  the  distances  of  the  stars,  even  of  the 
nearest  among  them,  they  soon  found  that  the  former  unit,  or  sound- 
ing hne,  vanished  into  a  point,  compared  with  the  immensity  to 
which  they  had  to  apply  it. 

Nay,  even  the  radius  of  the  terreatrial  orbit  itself,  a  meaauring 
rod  of  some  95,000,000  miles  in  length — ^a  distance  which  a  cannon- 
ball  would  require  twelve  years  to  traverse — ^waa  soon  found  insuffi- 
iient,  and  still  remains  so  for  a  great  many  stellar  distances ;  but 
the  improvements  continually  effected  in  the  methods  of  observation, 
and  in  the  measuring  instruments  themselves,  have  at  length  enabled 
t?ome  of  our  most  celebrated  astronomers  to  measure  approximately 
the  distances  of  some  few  stars,  and  to  tell  us  how  many  radii  of  the 
Earth's  orbit  they  are  removed  from  us. 

The  first  result  obtained  was  in  the  case  of  a  star,  nearly  in- 
visible to  the  naked  eye,  situated  in  the  constellation  of  the  Swan, 
and  marked  61  in  the  star-maps  and  catalogues,*  The  distance 
of  this  star,  the  first  in  the  order  of  di8C0Ter}%  the  second  in  the 
scale  of  magnitude,  is  nearly  three  times  as  gwat  as  that  of  one 
of  the  brightest  stars  of  the  heavens,  Alpha  («)  Centauri,  which 
according  to  our  present  knowledge  is  the  nearest  to  us  of  all  the 
stars. 

Alpha  Centauri  is  distant  from  us  more  than  200,000  times  the  mean 
distance  of  the  Sun  from  the  Earth— more  than  19,000,000,000,000 
miles.  The  most  powertul  imagination  in  vain  tries  to  picture  this 
fearful  distance ;  in  vain  the  mind  would  heap  line  upon  line,  number 
upon  number,  to  bridge  the  immensity  of  this  abyss.  Let  us  see  if, 
by  some  otlier  means,  by  images,  or  comparisons,  we  can — though 
certainly  not  with  the  precision  which  attaches  to  numbers— *  appeal 
to  our  senses  to  comprehend  this  fact. 

Every  one  knows  with  what  wonderful  rapidity  light  travels  ;  the 
light-waves  are  propagated  at  the  rate  of  192,000  miles  a  second. 
Now,  a  very  simple  calculation  will  show  that  a  light-ray,  leaving 
a  Centauri,  wiR  not  reach  our  eye  till  the  end  of  three  years  and 
seven  months.  IVlien,  on  the  surface  of  our  Earth,  on  this  grain  of 
sand  belonging  to  the  system  governed  by  our  Sim,  we  endeavour 
to  picture  to  ourselves  a  long  distance — a  hundred  or  a  thousand 
miles,  for  instance— it  is  with  difficidty  we  can  form  an  idea  of  it. 
W©  can  only  represent  it  well  to  ourselves  by  associating  with  the 

*  The  fame  of  thig  first  and  important  deteruiiuatioa  is  due  to  the  iUastrioua 
astroDomer  Besael  Peters,  the  two  Struvea,  Henderson,  Maclear,  Schluter,  and 
Wichmann  have  also  distinguished  themselves  in  these  researches. 
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sense  of  sight  the  perception  of  time;  we  ask  ourselves,  for  ex- 
ample, how  many  hours  or  days  are  necessary  to  accomplish  the 
distance.  "What  is,  then,  this  distance  of  192,000  miles*  which 
light  traverses  in  a  second  ?  Thia  distance  is  an  abyss  to  our 
imagination. 

Butj  lastly,  supposing  we  could  grasp,  as  in  a  bird's-eye  view, 
this  distance,  already  so  considerul>k%  let  us  associate  it  with  the 
short  duration  of  a  second ;  and  then  let  us  imagine  that  a  single 
day  of  twenty -four  hours  contains  8(5,400  such  intervals  ;  and  k't  ua 
stay  to  contemplate  the  enormous  distance  to  which  the  luminous 
ray  would  arrive  after  a  day'a  journey — it  will  have  plunged  into 
space  to  a  depth  seven  times  greater  than  the  distance  of  Neptune, 
StiU,  according  to  what  we  have  just  stated,  it  would  not  have 
accomplished  the  thousandth  part  of  its  route ;  it  must  continue  its 
course  for  1300  days  with  the  same  tremendous  velocity,  journey- 
ing ever  on  during  three  entire  years  before  it  attains  the  nearest 
star — that  brilliant  sim  of  the  southern  heavens,  a  Centauri.  Such, 
in  every  direction,  are  the  dimensions  of  the  space  devoid  of  stara 
which  surrounds  our  solar  system. 

And,  nevertheless,  the  stars  nearest  to  us  only  are  here  in  question. 
From  a  Lyne,  from  the  sparkling  Sirius,  light  requires  more  than 
twenty  years  to  reach  us;  from  the  Pole  Star,  half  a  century 
is  needed.  Lastly,  to  traverse  the  space  which  separates  Ca- 
pella  from  the  world  on  which  we  live,  or,  as  it  may  l>e  slated^ 
425,080,000,000,000  miles,  12  years,  or  a  mau^s  whole  lifetime, 
would  be  required. 

Shall  we  endeavour  to  obtain,  from  another  point  of  view,  an 
idea  of  these  distances  ?  Suppose  a  spectator  placed  at  one  of  the 
extremities  of  the  line  which  joins  our  Sun  to  a  Centauri.     At  this 


*  The  velocity  of  hghtbere  given,  a»  we  have  said  before,  will  possibly  require 
modification.  Some  reioarkable  experiments,  based  on  a  method  lx>th  exact  and 
ingenious  [the  application  of  Wheatstone's  rotating-mirror],  have  led  M.  Leon 
Foncault  to  a  mach  reduced  value.  The  velocity  of  the  light  is*  according  to 
hira^  about  1S4,(MX)  miles  a  second  ;  and  his  modification  entails  i^  corresponding 
reduction  in  the  number  which  expresses  tho  distance  from  the  Eai-th  to  the  Sun. 

Until  a  complete  discussion  of  this  question  shall  haye  established  the  correct- 
ness of  these  new  values,  and  until  they  shall  be  generally  ri<]Cfipte<h  we  have  pre- 
ferred to  retain  the  old  ones,  though  there  is  little  douht  that  the  new  ones  are 
nearer  the  truth.  The  inconvenience,  if  there  be  any,  m  reduced  by  the  fact  that 
the  rtr/a^iwdistancesbetween  the  various  bodies  of  the  solar  sjstem  remain  intact, 
as  also  those  which  give  the  distances  of  the  stars  expressed  in  radii  of  the 
terrestrial  orbit.  The  time  which  the  light  from  these  bodies  takes  to  reach  us 
is  also,  of  oourse,  unaltered. 
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]KJiijt»  the*  entire  radius  of  the  Earth's  orbit  would  he  hidden  by  a 
thread  nf  a  ^*j  ineh  in  tliametcr,  held  at  u  tlistance  of  GfjO  feet 
from  the  eye;  that  is,  a  line  95,000,000  miles  in  leng'th,  looked  at 
broadside  on  at  this  distance,  would  appear  but  as  an  imperceptible 
point. 

We  give  below  a  table  of  the  prinuipnl  distances  already  deter- 
mined expressed  in  radii  of  the  Earth's  orbit ;  they  can  be  converted 
into  miles  by  niidtiplj^ing  them  by  95,000,000  miles,  the  length  of 
that  orbit. 

We  give  also  the  number  of  yeara  required  by  light  to  travel  the 
diftereiit  distances  : 

RA<l{i  of  E&Ttb't  orbit  Tesfv. 

«Centauri 211,330  .  ,  3*6 

6r  Cygni  .........  55t>,920  .  .  9^4 

Vega I»a.m7^>0  .  .  21^0' 

Siriua l,37r>,(KM)  .  .  22*0 

<  Urs^ffi  Msjoris l,55o,Ra)  .  ,  250 

Arcturus 1,622,800  ,  .  26*0 

Poiaiis 3,<J78,6tKI  .  .  5U'0 

('apella     .....  'I,484,<W)  .  .  720 


Other  smaller  distances  are  also  known,  but  with  le^  precision ; 
nearly  all  are  still  greater  than  those  here  given.  None  are  less 
than  the  distance  of  a  Centauri. 

Thus,  if  we  imagine  a  sphere  having  for  its  centre  the  Siin,  and 
for  its  radius  200,000  times  the  mean  diBtance  of  the  fSim 
from  the  Earth,  none  of  the  innumerable  stars  which  we  see  shining 
dining  our  nights  will  be  comprised  within  it.  And,  nevertheless, 
the  volume  of  this  ideiil  sphere  contains  275,000,000,000  times  the 
entire  volume  of  our  phinetary  sphere — the  radius  of  which  stretches 
from  the  8un  to  Neptune,  The  comets  have  here  full  scope  to  ac- 
complish their  moat  excentric  revolutions,  and  to  describe  ellipses 
bordering  on  the  parabola. 

If  we  now  imagine  our  Sun  plimged  in  space,  to  the  distance 
o{  the  Tiearest  star,  and  calculate,  acct)rditig  to  the  laws  of  optics, 
whiit  will  be  tlie  reduction  of  its  light,  we  hnd  that  it  vnll  but  put 
on  the  brightness  of  a  star  of  the  second  magnitude,  that  it  wnll  shine 
with  the  l>rilliancy  of  the  Polo  Star,  and  the  principal  stars  in  the 
constellation  of  the  Great  Bear. 

Is  it  now  understood  how  impossible  it  is  that  the  stars  can  shine 
by  reflected  light  ?  At  the  distance  at  which  the  notircBt  of  them 
are  from  the  Son^  they  receive  from  the  focus  of  our  world  a  light 
the  intensity  of  which,  as  we  have  just  shown,  does  not  exceed  that 
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of  a  atar  of  the  second  Jimgiiitude.     If  each  Ktur  werv  a  dark  body, 
the  light  which  it  would  receive  from  oor  Sun  woidd  be  ut  most 


equal  to   that 


i'ed  by 


darkest 


Au 


but 


receivea  oy  us  on  uur  aarkes 
u  single  sta.r  pierces  through  a  thick  stratum  cd'  ehiud.s.  ^Vnd 
even  this  feeble  glimmer  would  require  to  again  traverse  the  irn^ 
mensD  abysa  which  separates  the  star  from  the  Earth,  WtVjre  it 
reached  U8,  twinkling  and  brilliant  as  we  see  it.  We  might  then 
affirm,  on  this  ground  alone,  which  supplies  numt  ineontestable 
evidence,  the  astrononiical  truth,  which  we  announced  at  the  begin- 
ning of  this  chapter.  [But  there  is  much  mure  cunvtncing  proof  I o 
which  we  shall  refer  anon,] 

The  stars  then*  are  suns/  Each  of  tlicm  is  a  focus  of  liglit  and 
heat,  and  probably  the  centre  of  a  system  which  comprises,  like  t>ur», 
planets,  satellites,  and  comets.  Each  star,  in  fact,  may  represent  a 
system. 

The  distances  of  some  stars  being  approximately  known,  is  it 
possible  to  deduce  from  them  their  real  dimensions,  as  has  been  dtuie 
in  the  c^ise  of  the  planets  and  the  Sim  ?  It  is  not,  and  for  a  simple 
i^eason  :  (the  apparent  diameter  of  the  rao.st  brilliant  stars  is  so  small 
that  it  defies  all  measurement,  j  The  finest  spider *s  web,  placed  at  the 
focus  of  an  optical  instrument,' entirely  hides  the  disk  of  them  bttdies. 
Wlien,  by  the  movement  of  tlie  Moon  across  the  constcllatituis,  tlie 
limb  of  om"  satellite  reaches  a  star,  the  occulhition  is  instantaneous. 
The  extinction  of  the  light,  instead  of  being  gradual,  is  sudden  and 
complete.  This  fact  is  not  extraordiiuiry,  when  we  ctmsider  that  the 
diameter  of  the  Sun,  removcHl  to  the  distance  of  the  nearest  star, 
would  not  measure  a  hundredth  of  a  second  of  arc, — an  angular 
quantit}^  so  small  that  it  is  entirely  inappreciable.  , 

But  if  wc  suppose  thut  the  intrinsic  intensity  of  the  Hght  be  tlur 
same,  for  Sirins,  for  example,  as  for  tlie  Sun  of  our  syntem,  we  shall 
arrive  at  pretty  clear,  if  only  eoujccturab  views  on  the  tUniensions 
of  this  magnificent  star,  (hi  this  hyiKithesis,  the  diameter  of  Siriuj^ 
would  be  fifteen  times  that  of  our  Sun;  so  that,  even  in  grunting  to 
its  light  an  intrinsic  brightness  triple  that  of  the  Sun,  the  dimen- 
sions of  Sinus  w^oidd  still  be  five  times  greater,  and  its  volume  would 
be  12o  times  that  of  the  Sun. 

Doubtless  these  numbers  are  below  Xho  reaHty ;  doubtless,  also, 
in  the  nndtitude  of  worlds,  so  distant  and  so  dift'cront  from  ours,  the 
most  varitMl  dimensions  distingoish  the  <"entral  btxlics  and  the  spheres 
in  which  their  direet  action  is  felt. 

S<i  much  for  oyr  first  sk*'tch  of  the  dimcnsi^ms  of  the  visible 
universe.     We   shall   return    to   this   interetiting   subject,  when  we 
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describe  the  structure  of  this  vast  etisemble,  such  ns  the  most  recent 
investigations  in  sidereal  astronomy  present  it  to  us. 

We  shall  also  consider  not  only  isolated  stars,  but  systems  of 
suns,  and  the  series  of  groups  forming  clusters  more  and  more 
nimierous,  and  more  and  more  extensive. 
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VI. 


HOTEICENTB  OF  STARS. 


Stars  not  Immovable  in  Space -^Measure  of  their  proper  5Iotion&:  Velocities  of 
8orae  of  them^ — TrauBlation  of  the  Sokr  System  thmugh  Space, 


It  waa  for  a  long  time  believed  that  the  stare  preserved  invariably 
their  relative  positions ;  that  they  and  the  Sim  also  were  immov* 
able  in  ^^pace.  Hence,  the  term  Jtxed  statH,  which  has  so  long  been 
assigned  to  them,  in  opposition  to  the  wandering  ones,  or  pfanris. 
Modern  astronomical  observations,  rendered  much  more  precise  by 
the  perfection  of  the  instruments  now  employed,  has  at  length  ex- 
ploded the  idea  of  the  immovability  of  the  stars. 

Movement  is  the  common  law  of  all  bodies.  In  our  solar 
system,  the  planets  and  their  satellites  are  endowed,  as  we  have 
seen,  both  with  a  movement  of  rotation  round  their  centres,  and 
with  a  movement  of  revolution  round  their  common  ibcus.  As 
to  the  Sun,  it  is  now  known  that  he  also  turns  on  his  axis  in  about 
twenty-five  days ;  and,  lastly,  comets  likewise  possess  rapid  move- 
ments, which  carrj'-  them  to  great  distances  beyond  the  limits  of 
the  planetary  world. 

More  than  this,  the  Sun  himself  moves  through  space,  and  draws 
with  him  all  his  numerous  train,  and  yet  the  distances  and  relative 
positions  of  the  different  stellar  bodies  undergo  no  apparent  change. 
Member  of  a  vaster  system^  and  one  still  unknown,  he  describes  in 
thousands — in  millions— of  centuries,  perhaps,  his  immense  orbit. 

The  same  thing  holds  with  all  the  other  suns  or  stars ;  the  move- 
ments of  a  great  number  among  them  have  been  demonstrated,  and 
already  even  we  possess  some  knowledge  of  the  direction  and  velocity 
of  these  movements. 

Let  us  endeavour  to  show,  by  the  aid  of  a  familiar  eomparison, 
how  it  is  possible  to  assure  ourselves  of  these  facts. 

Let  us  suppose  ourselves  immovable  in  the  centre  of  an  exten^sive 
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plain,  croaged  by  roads  and  railways  in  various  directions?  on  which 
podesfcrians,  <*arriuges,  and  trains^  are  travelling  with  varying  ve- 
h>L'itic}s,  If  the*se  maving  bodies  are  near  us,  they  ajjpeur  to  move 
^\ith  great  relative  rapidity.  But  the  more  distant  they  are,  the 
more  their  apparent  vehx'ity  will  diminish,  until,  when  on  the 
horizon,  they  appear  to  move  with  a  slowness,  which  nearly  ap- 
proaches a  state  of  rest ;  at  this  moment,  if  we  examine  them  with 
u  telescope,  their  apparent  velocity  will  again  recover  somewhat 
of  the  rate  it  had  lost,  but  only  to  vanish  again  in  proportion  us 
the  distance  heeomea  more  considerable. 

It  is  thus  with  the  proper  movements  of  the  stars :  at  tirst  com- 
pletely imperceptible,  they  have  at  length  been  revealed  to  astro- 
nomers fumi.shed  with  powerful  instruments^  and  provided,  moreover, 
with  measuring  apparatus  of  infinite  delicacy.  It  has  thus  been 
shown  that  many  stars  are  di.splaced  with  unequal  velocities  and  in 
different  tlirections.  But  we  must  not  be  mistaken  in  the  magnitude 
of  these  movements,  or  think  we  can  detect  them  in  a  single  obser- 
vation ;  it  requires,  indeed,  the  patient  observations  of  years  to 
establisli  them. 

Let  us  quote  some  examples. 

The  brightest  star  of  Bootes,  Arcturns,  requires  a  whole  eentuiy 
to  traverse  only  the  eighth  part  of  the  diameter  of  the  Moon. 
a  Centaiu-i,  in  the  same  interval  of  time,  is  displaced  a  quantity 
measured  by  the  fifth  of  this  diameter.  Many  others  move  more 
slowly  still.  The  most  rapid  movements  are  those  of  the  star  61 
Cygni,  the  distance  of  which  has,  as  we  have  seen,  been  measured, 
and  of  two  stars  of  the  sontliem  heavens,  one  in  the  constellation  of 
the  Indian,  the  other  in  the  Ship. 

Nevertheless,  these  three  bodies  \^'ould  each  require  more  than 
300  years  to  move  across  the  starry  vanlt  a  distance  equal  to  the 
Moon's  diameter. 

Of  course  it  is  only  here  a  question  of  apparent  velocity. 
To  determine  the  real  velocity,  the  distances  of  the  stars  of  which 
the  proper  motion  m  measured  must  be  known  ;  now,  this  element 
is  known — at  leu.st  for  some  among  them. 

It  has  thus  Iwen  found  that  Arcturns  moves  through  space 
with  a  velutdty  not  less  than  107,000  miles  an  hour,  or  54  miles  a 
hci'ond.  We  give  a  table  of  some  velocities*  which  have  been 
determined  :  — 


*  TIkisc  velocities  are  pwssibly  still  greater,  since  the  i>atlis  iu  space  may  be 
iiiclinod,  wlicrcas  their  projections  are  here  m  question. 


Miles  &«i'COii<l 

Arctums .54 

(il  Cygni  .  .  40 

C'apella  3(1 

Siritis  .     .  .14 

« Centauri 13 

Vega  .     ,     . 13 

Polaris 1| 


Thus  the^e  slars,  wliicli  were  believt^l  Uihe  fixed, are  in  perpetual 
motion  ;  uay,  the  velocity  of  tjomc  of  tlies43  diatant  worlds  much 
exceeds  that  of  the  planetary  bodies,  which  varies,  aa  we  hu>  e  neon, 
between  three  und  thirty  miles  a  sccoud.  The  Eurth,  which  moves 
in  its  orbit  \i'ith  such  prt>digiou«  rapidity,  travels  three  times  more 
slowly  than  Arcturus, 

How  have  we  arrived  at  the  knowledge  of  the  faet  that  the 
«okr  system  itself  in  its  entirety  moves  through  space  ?  Another 
fauiiliar  eompiiri*K)ii  will  help  us  to  answer  this  question.  Let  us 
place  ourselves  again  in  the  centre  of  an  extensive  plain,  bordered 
ut  the  horizon  on  ever}'  side  with  rows  of  trees  diHerently  groupiHl. 
Ho  long  as  we  ourselves  are  at  nyst.,  these  objects  keep  thcj  tiume 
relative  positions  and  distances.  But  if  we  move  in  any  one  direc- 
tion, what  happens  ?  As  we  walk,  the  trees  in  front  of  us  ojien  out 
— are  gradually  separated ;  wlule  behind  us,  on  the  contrarv%  they  will 
gradually  get  nearer  together,  will  close  up  ;  whilst  on  either  side  they 
will  seem  to  recede  in  a  diriH^tiou  contrary  to  our  movement  ;  these 
are,  it  is  clear,  merely  efleets  of  persptx^tive.  But  between  all  these 
apparent  movements  in  varioiLs  direct  ions,  and  the  direction  of 
our  walk,  there  is  an  intimate  connexion,  the  study  of  which, 
if  we  were  not  conscious  of  our  movement,  would  enable  us  to 
detect  it, 

Now  the  immense  expanse  of  the  heavens  is  our  plain,  and  tlie 
trees  on  the  horizon  are  the  stars  and  the  constellations,  and  tho 
traveller  whom  we  have  imagined  to  walk  in  a  given  direction  is  the 
Sun  imd  its  system. 

There  are,  however,  between  our  supposition  and  the  reality 
differences  which  somewhat  complicate  the  problem.  The  stars,  as 
we  have  just  sc^n,  have  a  real  movement  of  their  own,  and  there  are 
other  apparent  movements,  owing  to  the  movement  of  revolution  of 
the  Earth,  and  the  combination  of  this  movement  with  tlie  velocity 
of  light.  It  has,  therefore,  been  necessary  to  unravel  these 
complicated  movements,  and  to  sift  out  the  real  fmm  the  a j) parent 
ones. 
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If  to  theBe  difficulties  we  add  those  which  result  from  the  ex- 
ti'eme  delicacy  of  the  measureuieiits  required,  and  of  the  variation  of 
the  measuring  instruments  themselves,  un  idea  will  he  formed  of  the 
sagacity,  patience,  and  genius  which  have  been  necessary  to  arrive  at 
such  magnificent  conclusions.* 

Towards  what  portion  of  the  sk}'.  then*  are  we  travelling  Y  Accord- 
ing to  the  most  recent  caleuhitionH,  the  Sun  is  advancing  towards  a 
point  situated  in  the  constellation  Hercules f  with  such  velocity 
that  in  a  year  it  traverses  more  than  once  and  a  half  the  radius 
of  the  terrestrial  orhit,  or  15'3,O0(),O00  miles  —  about  4  miles  a 
second  ! 

The  movement  of  the  Sun  takes  place,  jxjssibly,  roimd  a  centre 
still  unknown  to  us.     The  present  opinion  of  astronomers  is  in  favour 


Fiff.  13S.— roint  i-r  lint;  heavens  IuWiu^b  whakli  tho  aolar  ftystcm  U  tnivulliug  iu  Ue,  tuuMJiiiciit 

of  revolii  tion. 

of  the  l*leiades  being  the  centre  of  this  movement,  but  precise  know- 
ledge on  this  point  is  difficult  to  amve  at. 

If  the  stars  move  unequally  and  in  diflerent  directions, — if  the  Sun 
progress  towards  a  eei*tain  point  in  the  heavens,  how  will  this  even- 
tually show  itself  in  the  as|>ect  of  the  starry  vault  ?  By  a  continual 
change,  which  will  ultimately  give  to  the  constellations  groupings 
vastly  differing  from  those  under  which  they  are  at  present  seen. 
•*  The  Southern  Cross/'  says  Humboldt,  *'  will  not  always  keep  its 
characteristic  form,  for  its  four  stars  travel  in  different  directions  and 

*  The  astronomers  who  havf  attempted,  discussed,  and  srjlved  this  beautiful 
probleio,  an\  among  others,  Sir  W-  Herschel,  Argclander,  0.  Stnive,  Madler,  and 
Peters.  •       * 

t  On  the  ntraigbt  line  which  joins  the  two  stars  *  and  ^  of  this  constellation, 
at  a  quarter  of  the  sepui-atin{r  distance  from  the  first. 
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with  unequal  velocities.  At  the  present  time  it  is  not  known  how 
many  myriads  of  years  must  elapse  until  its  entire  dislocation/'  We 
may,  then,  rest  quiet,  and  study  the  sky  as  it  is,  without  fearing  pre- 
sent confusion  :  let  us  leave  to  our  descendants  of  the  year  9000  to 
determine  the  position  which  the  star  of  the  Hunting  Dogs,  known  as 
No.  1830  Groombridge,  will  then  occupy.  It  may  possibly  be 
found  in  Berenice's  Hair! 
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DOUBLE  AND  MULTIPLE  STARS. 

Distiuction  Iwtweeu  Opticjil  aod  Physical  Doubles — Characteristics  of  the  latter 
— MovemoDts  of  Revolution  of  Double  Stara  —  Multiple  Syatenaa. 

TiiKK!-:  is,  in  the  ^ir-inity  of  Yega,  the  brightest  star  in  the  constella- 
timi  of  the  Lyre,  a  small  star  which  appears  elongated  to  some 
posaesaed  of  very  keen  eyesight,  and  this  appearance  suggests  that  it 
may  really  be  composed  of  two  luminous  points ;  indeed,  it  is  only 
iicx^essary  to  examine  it  with  an  opera-glasa  to  see  that  it  really  con- 
sists of  two  stars,  separtited  by  un  interval  equal  to  about  the  ninth 
part  of  t lie  apparent  diameter  of  the  Moon.* 

Hero,  then,  wo  have  an  example  of  a  coarse  and  easily  divided 
double  star,  which  a  keen  eye  or  an  opera-glass  of  small  magnifying 
power  is  sufficient  to  separate  into  its  components.  But  this  is  not 
all  ;  if  we  employ  an  instrument  of  considerable  optical  power  to 
examine  each  of  the  two  st-ars  of  which  the  coarse  double  is 
composed,  we  find  that  each  component  itself  consists  of  two  stars 
so  near  together  that  the  intervals  separating  them  are  not  more 
than  the  y^jth  part  of  the  total  distanco  of  the  couples  themselves,! 
so  that  we  have  here  a  tkH(hk-dotfi/h:'StnT,  A  star  which  appears 
single  to  the  naked  eye  becomes  quadruple  when  examined  with  a 
powerful  telescope. 

A  century  ago,  only  about  twenty  double  stars  were  known ;  now, 
however,  we  possess   catakigues  of  more  than  6000. J      Now  is  the 

♦  3'  ^7".    The  star  is  Epaiion  (•)  Lyrae, 

t  Stnivo. 

t  Kirch*  Bmdlvy,  FlaiHsteed,  Tobic  and  CliriHtian  Mayer,  Sir  W.  Herscbel, 
ill  the  last  ceutury  ;  the  twit  Stnives,  Bessel,  Argclander,  Eacke  uud  Gall,  Preusa 
and  Madlcr,  and  Sir  John  Herscheh  in  the  first  half  of  the  present  one^  have 
tti^ted  in  the  disco  very  of  these  pairs,  now  so  aumerous  and  so  interesting. 
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union  of  two  suns  in  a  Binall  space  of  the  starry  vault  to  be  looked  upon 
as  purely  accidental,  or  must  we  ratlier  consider  it  to  indicate  a  real 
physical  connexion  of  the  two  bodies — a  real  syBteni  ? 

On  the  first  suppoeition,  the  proximity  of  the  two  stars  to  each 
other  would  be  attributed  to  an  effect  of  pereptx-tive  ;  the  istare  them- 
selves, though  widely  dilfering  in  their  distance  from  us,  lying  in  the 
same  line  of  sight.  In  the  second  case^  the  two  suns  are  at  nearly 
equal  distances,  and  their  apparent  connexion  proceeds  from  the 
relative  smallness  of  the  interval  which  separates  them. 

Hence  a  sifting  of  double  stars  into  optical  and  physical  pairs. 
As  soon  as  the  number  of  double  stars  began  to  increase,  it  was 
thought  extremely  probable  that  groupings  of  this  kind  might  not 
all  be  owing  to  the  effects  of  perspective  ;  and  the  exLstcBce  of  real 
systems  of  suns  was  suggested,  before  even  observation  had  directly 
confirmed  it ;  this  suggestion  has  since  been  abundantly  justifiei 

Out  of  a  total  number  of  6000  double  stars  kno'WTi  at  the  present 


l^g.  ISft.-'Tho  trapt/jum  of  Orion.    (8ir  J.  Hcmchel.) 

time,r650  have  been  demonstrated  to  be  phy.^icnlly  connected  sys- 
tems— ^two  suns,  turning  round  a  common  centre  of  gravity.  There 
are  still  more  complicated  groups — systems  of  three,  or  four,  or  even 
more  suns.  In  the  constellation  of  Orion,  near  the  centre  of  the 
glorious  nebula  which  wc  shall  soon  describe,  there  is  a  system  where 
the  unaided  sight  only  distingiushcs  a  luminous  point.  With  the 
help  of  a  powerful  telescope,  however,  this  point  is  dividetl  into  four 
stars ;  these  can  be  seen  in  a  small  telescope,  in  the  form  of  a 
trapezium ;  hut  when  a  telescope  of  5  or  6-inches  aperture  is  used, 
two  of  the  stars  in  the  trapezium  are  themselves  seen  to  be  accom- 
panied by  two  other  very  small  stars,  forming  altogether  a  group 
of  six  suns  (fig.  139).  •'Probably,'*  says  Humboldt,  **  the  sextuple 
star,  a  Orionis  (generally  calle^I  the  *'  trapezium  of  Orion"), 
constitutes  a  real  system,  for  the  fi\Qi  smaller  stars  have  the  same 
proper  motion   as  the   principal  one/'      We  may   add,  that  Mr* 
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rjassell  hm  discoTered  a  seventh  star  in  this  remarkable  system,  so 
that  &  OrioBis  is  a  septuple  star.  An  attentive  study  of"  this  group, 
on  which  tho  attention  of  astronomers  is  fixed,  as  it  forme  such 
an  admirable  test  object  for  their  iuBtruments,  wOl  eveDtnally 
show  UH  what  truth  there  is  in  Humbcjidt's  statement ;  the  various 
stars  will  be  seen  to  progress  in  their  orbits,  and  science  will  be 
enriched  with  a  bgw  fact  well  worthy  the  attention  of  geometers  : 
— the  reciprocal  and  simultaneous  movement  of  seven  suns,     v 

What  magnificence,  what  variety  ia  there  in  the  constitution  of 
the  sidereal  universe  !  Our  solar  system  places  before  us  the  grand 
spectacle  of  a  central  star,  surrounded  with  more  than  a  hmidred 
planetary  bodies  and  thousands  of  comets^  harmoniously  executing 
their  eternal  evolutions  round  the  focuB  of  their  h^at,  and  light,  and 
life. 

In  the  unfathomable  space  which  surrounds  our  system,  have  been 
revealed  to  us,  at  prodigious  distances,  millions  of  stars,  which  are  eo 
many  suns^  surrounded  doubtless,  for  the  most  part,  with  a  eotiSge  of 
planets  like  our  own.  And  more  than  this,  among  these  myriads  of 
system]*,  we  become  acquainted  with  Bome  which  present  to  us  the 
more  marveUoue  association  still  of  suns  grouped  by  twos,  and 
threes,  and  fours,  moving  round  each  other  in  the  same  manner  as 
with  us  the  planets  move  round  their  common  centre. 

Not  only  is  the  division  of  double  8t4ir8  into  optical  and  physical 
couples  not  arbitmry — founded  as  it  is  on  precise  observations — but 
it  hm  furnished  valuable  data  for  the  solution  of  several  most  im- 
portant problems  in  stellar  astronomy.  A  word  on  this  subject. 
We  can  at  once  recognise  that  the  two  components  of  a  double 
star  form  a  real  or  physical  system,  when  the  movement  of  revo- 
lution of  one  round  the  other  is  observed-  Thus,  the  satellite  of 
Castor,*  and  those  of  the  stars,  ij  Cassiopee^,  p  Serpentarii,  §  Ursse 
Majoris,  have  completed  an  entire  revolution  since  the  epoch  (1780) 
of  the  first  observations. 

The  physical  couples  are  again  distinguished  by  another  cha- 
racter,—(-a  common  proper  motion  i  that  is  to  say,  when  this  h  in 
the  same  direction  and  extent,  it  is  extremely  probable  that  we 
are  dealing  with  a  veritable  system,  although  their  movement  of 
revolution  is  so  slow  that  we  cannot  detect  it.     As  to  the  optically 


♦  Castor  is  a  binary  system  to  which,  according  to  Struve,  doubtless  belongs 
a  third  star,  wtiich  participates  in  the  proi>pr  movement  of  the  two  othei-s. 
Here  tben  are  two  suns  accompaaied  with  a  third  sun  fifteen  times  more  distaut 
from  the  first  than  ia  the  aecood. 
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double  stars,  they  are  distinguished  by  the  opposite  characteristics  ; 
in  other  word«,  no  movement  of  revolution  can  be  doteeted  in  them, 
end  the  pmper  motion  of  one  is  not  participated  in  by  the  other. 
Such  is  the  case  with  the  optictil  couples  forn\ed  by  the  companions 
of  Vega,  Atair,  PoIIilx,  and  Aldebaran. 

If  the  donble  .stara  of  the  tirst  kind — the  phy^ieally  connected 
ones — have  increaaed  man's  knowledge  of  the  constitution  of  the  Uni- 
verse, by  showing  the  identity  of  the  lawa  which  govern  the  stellar 
worlds  with  those  of  the  movciuciits  of  the  planets,  the  optical  double 
stars  have  furnished,  as  we  i^hall  see  in  a  future  chapter,  the  meana 
of  raeaauring  diatances,^  and  thus  of  sounding  the  depths  of  the 
heavens. 

We  will  now  proi*etJ  to  give  some  details  of  tho  principal 
double  stars,  the  movements  of  which  have  l>een  observed  and  the 
orbits  calculated. 

There  exists^  in  the  constellation  of  the  Great  Bear,  very  near 
that  of  the  Lion,  a  star  doi^jgnated  in  the  catalogues  by  the  Greek 
letter  g,  known  as  a  double  star  since  1782.  The  two  compo- 
nents of  this  system  are,  one  of  the  fourth,  the  other  of  the  fifth 
magnitude.  Tlie  movement  of  revolution  of  the  second  round  the 
first  *  having  been  detected,  a  French  astronomer,  Savary,  deter- 
mined by  calculation  the  elements  of  the  orbit.  The  period  of 
revolution  is  sixty-one  years,  whence  it  follows  that,  since  the  dis- 
covery of  the  system,  the  orbit  has  been  entirely  traversed,  and  that 
one-third  of  the  second  period  is  already  completed. 

The  elliptical  or  ovul  form  of  the  orbit  of  this  binary  is  very 
decided ;  its  excentricity  is  comparable  to  the  orbits  of  our  periodical 
comets,  since,  even  among  the  telescopic  planets,  there  is  no  orbit 
which  differs  so  much  from  a  circle.  But  among  the  double  stars 
there  are  some,  the  orbits  of  which  are  fitill  more  elongated.  Such 
is  that  of  a  Centanri,  the  period  of  revolution  of  which  exceeds 
seventy- eight  years. 

We  may  also  cite  the  following  periods  of  double  stars  which 
have  been  determined  :— 

CHerculia 36yeiii8, 

C  Cancri 59      „ 

ft  CoTonne  BoruiiH.'*    ....    6(1      „ 

p  Ophiuchi 92      „ 

y  Virginis 150     „ 

61  Cygni 452      „ 

♦  Or,  rather,  the  movement  of  each  star  round  the  comTi^oii  centre  of  graYtty 
of  the  ajatem. 


TOE  <?IDKREAL  5ry5rrEM, 

There  18,  as  is  seen  by  this  teble,  great  variety  in  the  pc^riocUj 
the  latter  surpassing  the  first  by  twelve  times.  But  it  is  pmbable 
that  Bome  srill  more  divergent  will  be  foiuid.  (jn  Berenice'^  Hair, 
and  in  the  Lion,  there  are  two  pairs,  the  first  of  which  has  a  period 
of  less  than  fourteen  years,  whilst  the  second  complotea  its  orbital 
movement  in  twelve  centuries.* 

If  we  have  been  able  to  determine  the  form  of  the  jiaths  described 
by  these  pairs  of  suns,  and  the  duration  of  their  periodieal  movements^ 
we  are  still — to  sjx^ak  generally — far  from  knowing  the  absolute  di- 
mensions of  the  orbits  ;  to  detennino  these  we  must,  of  course,  know 
the  distances  of  the  stars  from  us.  We  know  this,  however,  in  the 
case  of  a  Centauri  and  61  Cygni. 

The  mean  distant^  from  each  other  of  the  two  stars  which  com- 
pose the  second  of  these  systems,  is  not  less  than  1,019,000,000  miles. 
Compared  to  the  distances  of  the  planets  from  the  8nn,  this  distance 
18  comprised  between  those  of  Sutuni  and  Uranus.  The  orbit  of 
the  companion  of  61  Cygni  has  a  mean  radius  of  about  forty- 
five  times  the  distance  of  the  8im  from  the  Earth,  or  more  than 
4,275,000,000  miles.  Let  us  bear  in  mind,  that  such  dimensions 
are  quite  lost  to  the  unaided  sight ;  so  immense  is  the  distance  of 
these  stars,  that  a  jxiwerful  telescope  only  can  divide  them. 

That  astronomy  has  arrived  at  such  a  point  of  perfection,  as  to 
be  able  to  calculate  the  elements  of  such  distant  systems,  is  indeed 
an  admirable  result >  and  a  proof  of  the  power  of  calculation,  when 
supported  by  observations  worthy  of  confidence.  Jint  this  is  not 
all ;  it  is  now  demonstrated,  that  the  laws  which  regulate  the  stellar 
systems  are  identical  with  those  which  govern  the  bodies  of  our 
own  system  ;  we  have  thence  been  able  to  form  an  approximate  esti? 
mate  of  the  masses  of  these  bodies.  Thus,  it  has  1>ecn  found,  thiit 
61  Cygni — that  small  star  scarcely  visible  to  the  naked  eye — weighs 
more  tlian  a  third  of  our  Bun. 

Quite  recently,  the  exactitude  of  these  theoretical  deductions 
has  ret^eived  a  brilliant  con  Urination.  Every  one  knows  Sirius, 
the  brightest  star  of  the  heavens.  While  studying  with  minute 
care  the  proper  movement  of  this  magnificent  sun,  the  illustrious 
Bessel — one  of  the  greatest  astronomers  and  geometers  of  the 
century ^ — suspected  the  existence  of  a  satellite,  the  mass  of  which, 
acting  on  the  central  star,  produced  variations  in  its  movement. 
Was  this  satellite  a  dark  body  analogous  to  our  planets,  or  a  second- 
ary sun,  the  liglit  of  which  is  lost  in  the  dazzling  rays  of  Sirius  ? 


*  Both  these  periods  are  however  uncertain. 
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On  tliis  point  nothing  was  known ;  other  aatronomera  attempted  the 

same  problem,  and  one  of  them,  M.  Peters,  calculated  for  the  un- 
known orbit  a  period  of  fifty  years.  Buck  was  tlie  state  of  things 
when  an  American  optician,  Mr*  Alvan  Clark,  on  the  JiLst  of 
Januarj%  1862,  in  turning  a  new  and  powerfid  telescope  on  Siring, 
discovered  the  satellite,  the  canse  of  the  observed  perturbations. 
Since  that  time,  it  has  been  again  seen  by  other  astronomers  :  * 
and  it  now  remains  to  verify  by  observation  the  orbit  and  pei'iod 
calculated  before  its  dis€0verJ^ 

^Vlicn  a  branch  of  science,  scarcely  known  two  centuries  ago, 
and  cultivated  steadily  less  than  a  hundred  yejirs,  anives  at  such 
results,  what  may  we  not  hope  for  the  future  progress  of  sidereal 
astronomy  P 

Doubtless,  many  points  will  long  remain  in  the  domain  of  con- 
jecture. But,  without  overstepping  probabilities,  it  will  gra<lually 
be  more  and  more  possible  to  form  a  correct  idea,  both  of  the  unity 
of  the  laws  which  govern  the  celestial  boflie^,  and  of  the  infinite 
variety  of  the  phenomena  which  they  ofier  to  man's  observation. 

We  may  thus  liken  the  innumerable  sung  scattered  over  the 
heavens  to  the  central  body  of  our  own  system.  Doubtless,  round 
each  revolve  other  Ixxlies,  some  like  our  phi  nets,  others,  perhaps* 
gaseous,  like  our  comets.  The  phenomena  of  day  and  night,  and  of 
the  seasons,  again  occur  in  those  secondai-y  worlds,  rendered  invisi- 
ble by  their  immense  distance.  By  carrying  ourselves  back  to  the 
phenomena  of  our  planetarj'  system,  we  can  conceive  those  elernally 
going  on  in  the  worlds  of  which  we  sjjeak. 

But  how  much  more  varied  still  must  be  the  phenomena  in  those 
systems  composed  of  two  or  three,  or  even  more  suns,  w^th  their 
varying  lights  and  heat^,  sometimes  combined,  and  sometimes  ex* 
perieneed  in  succession,  Ijet  u^  imagine  ourselves,  for  example,  on 
one  of  the  planets  of  the  triple  sun  4^  CassiopCic ;  the  movements 
of/ rotation  and  revolution  of  sutdi  a  planet,  combined  with  the 
movements  of  revolution  of  the  three  light- giving  bodies »  would 
bring  on  its  horizon  sometimes  one,  sometimes  the  other  of  the 
suns  of  the  system,  and  sometimes,  also,  two  or  three  at  a  time. 
To  periods  of  day  and  night  would  succeed  periofls  of  continuous 
day  ;  and  the  temperature  and  seasons  would  ^ary  iilsii  by  reason 
of  ever  new  conditions.  To  these  we  must  add  the  varieties  of 
colour  which  characterize  the  lights  of  the  component  stars  of  the 


*  The  Rev.  W.  R.  Dsiwes  in  England,  MM.  Chuconiac  ami  Goldschmidt  at 
Paris.  Mr.  La&acU  at  Malta,  F^ither  Sec^hi  at  Rome. 
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system^ — varieties  which  would  produce  on  the  planet  sometimes  red 
days,  sometimes  green,  or  blue  ones,  or  even  days  illuminated  by  a 
light  compounded  of  these  three  colours,  in  varying  proportions  ;  an 
idea  will  thus  be  formed  of  the  odd  effects  of  light,  and  singular  con- 
trasts which  objects  must  present  according  to  the  hour  of  the  day 
.  and  the  time  of  the  year. 

That  brings  us  naturally  to  say  a  few  words  on  the  colour  of  the 
stars  in  the  simple  or  midtiple  systems. 
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COLOURED  STARS. 

Viiriety  of  Colours  presented  by  the  Stars — Coloura  of  Single  Stars  — Culuiins  «»f 
Double  and  Multiple  Stars  —  Variations  observed  in  Colour;  preauuied 
Causes  of  their  Changes. 


Thk  rapid  variations  uf  brightness,  which  a  star  presents  to  the 
naked  eye,  are  ordinarily  aecompanied  with  instantaneoiia  changes  of 
colour ;  and  to  these  two  phenomena  eombined  has  heeii  given  the 
name  of  '*  scintillation."  It  is,  however,  known  that  these  changes  do 
not  take  plaiie  in  the  star,  but  are  caused  by  our  atmosjihere,  through 
which  the  lunainous  waves  reach  our  eye. 

But,  independently  of  these  apparent  and  ever-changing  tints, 
the  stars  possess  real  and  constant  colours,  arising  from  real  differ- 
ences in  the  nature  of  the  light  which  they  emit. 

This  we  can  all  see  for  ourselves.  If  we  observe  some  of  the 
most  brilliant  stars  in  the  heavens,  it  will  be  remarked,  that  the  light 
of  Sirius,  of  Vega,  of  Regulus,  and  of  Spica,  are  perfectly  white, 
whilst  Betelgeuse,  the  brightest  star  in  Orion,  and  Aldebaran  show 
a  decided  red  tint. 

The  Greek  astronomers,  as  remarked  by  Arago,  only  recognised 
red  and  white  stars.  Now.  however,  that  this  branch  of  observation 
is  carefully  cultivated,  all  colours,  all  the  tints  of  the  rainbow,  have 
licen  detected,  in  the  light  of  different  stars.* 

♦  Observations  of  this  nature  are  very  delicate  :  and  although  the  use  of  tele- 
scopes renders  them  more  certain,  as  the  star  is  depriveil  of  nearly  all  ita  scintil- 
lation, they  are  still  subject  to  errors,  proceeding  both  from  the  personality  of 
the  observer  and  the  peculiarities  of  bis  instrument.  We  are  surprised  tliat 
there  has  not  yet  been  instituted  a  precise  mode  of  observation,  in  employing, 
for  example,  a  chromatic  scale,  the  degrees  of  which  would  serve  for  terms  of 
comparison  with  the  coloured  lights  of  the  stars." 

^  SiriRO  tho  pnbUcftUtm  of  tbe  first  edition  of  thia  work,  wq  1iav«  raoetved  from  AdminU  Smyth  * 
memoir  by  thai  t^clobmtod  ntitieirTer,  wbo  jiropofiea  a  cbromntic  scale  predoely  of  tbe  kind  rererr^d  Lj>. 
The  title  of  tbij  momuir,  ptibllahoct  in  London  In  1J¥6I,  ia  "Sidonsftl  Cbromatlo,  or  the  Colours  of 
Mulliplc  Stiri*.' 
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Among  the  Bingle  stars  of  reddish  tint,  we  may  quote  Arctufus, 
Antare.«i,  aud  a  star  in  the  A^Tiale,  the  faraous  Mini  Ceti,  whir^i 
shall  again  soon  meet  with  among  the  variable  stars,  Procyon,  CapL  ^. , 
and  Pohiris  are  yellow.  The  light  of  Castor  Is  green,  and  that  of 
a  Ljiu*  is  of  a  decided  blue  tint.  Kevertheless,  white  is  undonbt^Uy 
the  colour  of  the  great  majority  of  stars* 

Tlicse  diverse  and  permanent  tints  can  only  be  attributed  to  retl 
diflerenees  in  the  nature  of  the  light  eraitttHi  by  each  Sun*  If  the 
hypothesis  of  a  photosphere,  or  incandescent  gaseous  envelope*  lto^v 
admitted  by  many  of  our  astronomers  in  the  case  of  the  Sun,  be  ex- 
tended to  the  physical  constitution  of  the  stars,  it  suffices  to  suppose  a 
diiferent  chemical  composition  in  the  photospheres  of  these  liodici^, 
or  diflcront  absorbing  processes  going  on  in  their  atmospheres,  to 
explain  the  differences  of  colour.  Doubtless,  also,  the  degree  of  .(^e 
tempt>raturc  of  the  incandescent  media  will  go  for  something  in 
influf-ncing  the  phenomena.  \  ' 

It  is  in  the  double  and  midtiplo  stars,  that  the  colour  of  the 
light  h  presented  with  all  its  brightness  and  richness*     Thr  -i 

variety  distinguishes  the  colours  of  the  components  of  these 
already  so  remarkable  fi"om  so  many  other  points  of  view. 

The  illustrious  and  laborious  astronomer  of  Borpat  andPoulkuwa, 
^1.  W,  iStruve,  who  has  consecrated  thirt4:'en  5"ears  of  watching  %o 
the  examination  of  120,000  stars,  amongst  which  he  has  found  more 
than  *4iHH)  double  stars,  tbus  writes  on  this  subject: — 

"The  attentive  observolion  of  the  briglit  double  stars  teaches  us, 
I  !iat,  besides  those  which  are  white,  all  the  colours  of  the  spectruni  are 
to  bo  met  with ;  also,  when  the  principal  star  is  not  white,  its  light 
Imrders  on  the  red  side  of  the  spectrum,  whilst  that  of  its  satellite 
offei's  the  bluisli  tint  of  the  opposite  end*  Ne\  ertlieless,  this  law  is  not 
\rithout  exception ;  on  the  contrary,  the  most  general  ease  is  that 
(he  two  stars  have  the  same  colours;  ll  find,  indeed,  among  596  bright 
doulde  stars : — 

375,  the  two  components  of  which  hvLve  the  same  colour  aad  the 

same  intensity : 
101  of  the  same  colour,  with  a  different  intensity ;  ► 

1 2t)  of  totally  differeut  colours. 

Among  the  stars  of  the  same  colour,  the  most  numerous  are  the 
white,  and  c>(*  tbc  47 ti  stars  of  this  kind,  I  have  found 


2iK'}  in  which  the  two  oomponcrits  arc  white  ; 
118       „        they  arc  yellow  or  reddish  ; 
03       „        they  are  Maish." 


1,  Croup  surroundifig  kappa  of  the  Cross.  —  2.  Kappa  in  Pegasus,  —  3.  61  of  the  Swan, 
—  k.  Delti  in  ihe  f  erpent  ^-  b.  Gamma  in  Andromeda.  —  6,  Ela  in  Casstopea.  —  7.  A  ilouble 
star  in  the  Ship,  —  8.  31  of  the  River  Encianus.  —  9.  Sigma  in  Cassiopea.  —  10.  Beta  in 

Alpha  in  Hercules.  —  13^  Eta  in  Perseus. 
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It  was  at  first  believed  that  the  blue  colour  was  a  simple  eflFect  of 
contrast,  owing  to  the  feebleness  of  the  light  of  the  smaller  star, 
compared  to  the  yellow  and  more  brilliant  light  of  the  principal  one. 
But  if  this  optical  illusion  be  sometimes  met  with,  observation  shows 
that  it  is  accidental,  and  that  blue  stars  do  really  exist.  Indeed 
Struve  has  as  often  met  with  a  blue  satellite  to  a  white  star,  as  to 
one  of  a  decided  yellow.  Besides,  couples  are  mentioned  of  which 
the  components  are  both  blue.  Such  are  the  double  stars,  d  8er- 
pentis,  and  59  AndromedsB.  Lastly,  there  is  in  the  Southern  heavens 
a  group  composed  of  a  multitude  of  stars,  which  are  all  blue. 

All  possible  shades,  we  have  before  said,  are  met  with  in  the 
coloured  double  stars.  White  is  foimd  mixed  with  light  or  dark 
red,  purple,  ruby,  and  vermilion.  Here  we  have  a  green  star  with 
a  deep  blood-red  companion,  there  an  orange  primary  accompanied 
by  a  purple  or  indigo  blue  satellite.  The  triple  star,  y  AndromcdaD, 
is  formed  of  an  orange-red  sun,  accompanied  with  two  others,  the 
light  of  which  is  of  an  emerald  green  colour.  [If  indeed,  one  be 
not  blue,  and  the  other  yellow,  the  green  resulting  from  the  close 
juxtaposition  of  the  two.]  Two  stars,  the  distances  and  period  of 
whose  revolutions  we  have  already  cited,  61  Cygni  and  a  Centauri, 
have  each  for  their  components  two  orange-yellow  suns.  Plate  XXXI 
will  give  an  idea  of  these  associations  of  colours,  which  will,  perhaps, 
furnish  us  later  with  some  facts  bearing  on  the  constitution  of  the 
sidereal  world.  We  have  given,  according  to  Sir  John  Herschel,  an 
extremely  remarkable  group,  situated  in  the  Southern  Cross,  near  the 
star  Kappa.  It  is  composed  of  110  stars,  of  which  seven  only  exceed 
the  tenth  magnitude.  Among  the  principal  ones,  two  are  red  and 
ruddy,  one  is  of  a  greenish  blue,  two  are  green,  and  three  others  are 
of  a  pale  green.  "  The  stars  which  compose  it,  seen  in  a  telescope  of 
diameter  large  enough  to  enable  the  colours  to  be  distinguished, 
have  the  efiect,"  says  Herschel,  (**  of  a  casket  of  variously  coloured 
precious  stones."*  \ 

We  have  already  remarked,  that  it  is  necessary  to  distinguish 
between  the  real  and  constant  colours  of  the  stars,  and  the  instan- 
taneous and  oft-renewed  variations  due  to  scintillation.  Nevertheless, 
the  constancy  of  the  real  colour  is  not  absolute. 

It  seems  at  length  to  be  an  undoubted  fact,  that  certain  stars  do 
change  colour.  Sirius  is  the  first  example  of  this.  The  ancients  re- 
presented it  as  a  red  star,  wjiile,  at  present,  this  sun  is  distinguished 
by  its  brilliant  whiteness. 

*  ^  Astronomical  Observations  at  the  Cape  of  Qood  Hope,"  p.  17. 
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Two  double  stars,  one  of  the  Lion,  the  other  of  the  Dolphin, 
noted  as  white  by  Herschel,  are  now  composed  of  primaries  of 
golden-yellow,  accompanied  by  a  reddish-green  star  in  the  first  pair, 
and  a  bluish-green  one  in  the  second.* 

But  after  all,  this  variation  of  colour  will  seem  less  astonishing 
when  we  see  how  much  the  brightness  of  the  light  of  the  stars  itself 
is  subjected  to  variations. 

The  cause  of  the  colours  of  the  stars,  and  of  the  changes  of  tint 
they  undergo,  is  still,  as  we  have  before  remarked,  not  entirely 
accounted  for.  "  It  must  be  left  to  time  and  careful  observation," 
says  Arago,  "  to  teach  us  if  the  green  or  blue  stars  are  not  suns,  in 
proceas  of  decay,  if  the  difierent  tints  of  these  bodies  do  not  in- 
dicate that  combustion  is  operating  upon  them  at  difierent  degrees." 

All  that  can  be  at  present  said  with  certainty,  is,  that  the  celes- 
tial spaces,  far  from  presenting  to  us  immutability  and  inmiobility, 
are  the  theatre  of  incessant  movement  and  continuous  transformation. 
The  study  of  variable  stars,  and  of  new  or  temporary  stars,  which 
have  suddenly  appeared  to  disappear  as  suddenly,  will  again  furnish 
us  with  decisive  proof  of  a  truth  that  has  taken  us  so  long  to 
learn. 


*  This  variation  does  not  seem  to  be  explained  by  the  difference  of  the 
instruments  used,  since  the  mirrors  of  Herschcrs  telescope  gave  rather  a  reddish 
tint  to  all  objects  ;  and  it  was  Stnive,  who  first  established  their  colour  with  the 
large  Poulkowa  refractor. 
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Periodical  Changes  of  BriUiaDcy  of  Mira  Ceti,  and  Algol  in  Perseus— Other  Va- 
riable Stars —  Explanation  of  these  Changes— ^Hypothesis  of  the  Rotation 
of  Stan. 


There  is  in  the  consteUation  of  the  Whale  a  star  marked  on  the 
maps  by  the  Greek  letter  c  (Omicron),  which  astronomers  know  also 
under  the  Latin  name  of  Mini  (the  marveUous).  This  star  lies 
been  long^  remarked  on  aceoimt  of  the  periodical  variations  of  its 
brightness.  During  each  interval  of  eleven  mouths  it  passes  through 
the  following  phases. 

During  fifteen  days  it  attains  and  preserves  its  maximum  bright- 
ness, which  is  equal  to  that  of  a  sta.r  of  the  second  magnitude.  Its 
light  afterwards  decreases  during  three  months,  until  it  becomes 
CQinpletely  invisible,  not  to  the  naked  eye  onl3%  but  even  to  our 
telescopes  »* 

It  remains  in  this  state  during  five  whole  months  ;  after  which 
it  reappears,  its  light  increasing  in  a  continuous  manner  during 
three  other  months.  Its  cycle  of  variability  h  then  ended,  and  it 
attains  again  its  maximum  brightneBs  to  pass  a  second  time  through 
the  same  phases.  These  singular  variations  have  been  known  sint-o 
the  end  of  the  sixteenth  century ;  but  the  exact  measure  of  the 
period  was  only  effected  a  century  later.  At  the  present  time  it  is 
known  ^vith  gre^t  precision,  and  is  valued  at  331  days,  15  hours,  and 
7  minutes. 

In  truth,  irregularities  have  been  discovered  in  the  period  of 
Mira ;  but  these  irregularities  also  are   subjected   to  a   periodicity 

*  We  ore  surprised  that  ohservations  of  this  singular  star  have  not  heea  pur- 
sued with  the  most  powerful  instruments  during  the  period  of  invisibiUty.  Its 
only  known  that  it  is  then  below  the  eleventh  magnitude. 


ttit:  >?thereai,  system. 


wliicli  rentiers  the  phenomenon  still  more  interesting.  The  greatest 
brilliancy  does  not  alu'ays  rank  it  in  the  same  miignitude,  '  Soiue- 
tiniea  it  scarrely  exceeda  the  fourth,  whilst  at  certain  epochs  (in 
1799,  for  example,*)  its  light  was  almost  as  brilliant  as  that  of  a 
star  of  the  first  magnitude,  and  it  was  scarcely  inferior  to  Al- 
deharau. 

Mira  is  not  the  only  example  of  the  periodie^l  change  of  bright- 
ness of  stellar  light ;  and  the  duration  of  the  variations  is  not  always 

so  long  as  in  it.  Algol*  in  the  head 
of  Medusa,  in  the  constellation  of 
Perseus  (fig.  140),  is  at  least  m  in- 
teresting as  Mira,  but  its  period  is 
much  shorter,  and  it  is  never  in- 
visible, even  to  the  naked  eye*  A 
star  of  the  second  magnitude  during 
two  days  and  thiiieen  and  a  half 
hours,  it  suddenly  decreases,  and 
in  thre^  hours  and  a  half  descends 
to  the  fourth  magnitude.  Then  its 
brightness  regains  the  ascendant, 
and  at  the  end  of  a  frenh  interval 
of  three  hours  and  a  half,  attuins 
its  maximum.  All  these  changes 
Fig.  i*o.»Vttd.biettef  Algol  in  Periem        ^^  effected  in  less  than  three  days, 

or,  more  exactly,  in  2  days,  21  hours,  49  minutes. 

Among  the  variable  stars  with  long  periods,  Betelgcuse,  one  of 
the  four  stars  of  the  great  trapezium  of  Orion,  may  also  be  men- 
tioned, the  period  of  this  star  is  nearly  200  days.  There  is  a  star 
in  the  8 wan,  the  variations  of  which  are  effected  in  400  days. 
Three  of  the  seven  stars  of  the  Great  Bear  vary  in  periods  imper- 
fectly known,  but  they  certainly  embrace  several  years. 

In  the  number  of  variable  stars  with  short  pcritwls,  d  Cephei 
is  distinguished  by  the  regidarity  of  its  changes  of  brightness,  which 
last  5  days  8  hours  40  seconds.  This  star  has  been  observed 
since  1784. 

La&tly,  there  is  a  great  number  of  stars,  tho  variabQity  of  which 
is  proved  without  their  periods  having  yet  been  detenuined,  either 
because  these  periods  are  irregular,  or  because  the  time  they  occupy 
is  very  considerable. 

The    preceding    examples   will  suffice   to   give  an   idea  of  the 


*  Tbe  6th  oi  Novctobor,  da  cited  in  Humboldt's  "  Coamos." 
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interest  attached  to  these  singular  phenomena,  the  cause  of  which, 
lilthotigri  8iuspeeted,  is  still  unknown.  The  periodicity  even  of  the 
changes  observed  indicates  that  the  variations  of  brightness  are 
possibly  produced  by  a  movement  of  rotation  of  the  variable  itself, 
or  by  the  movement  of  revolution  of  a  dark  or  opaque  body  round 
the  luminous  body. 

On  the  hyiKithesis  of  the  rotation  of  the  variable  stars,  it  has 
been  held  that  the  diflerent  sides  of  the  Ixidy  vary  in  luminosity,  and 
even,  iu  certain  cases,  are  completely  dark.*  Spots  of  large  dimen- 
sions^  analogous  to  solar  spots,  and  encroaching  on  a  part  of  the 
surface  of  these  suns  during  long  intervals  of  time»  have  been  sug- 
gested to  account  for  the  phenomena. 

On  the  other  hand,  if  each  star  be  considered  the  focus  of  the 
movements  of  dark  bodies  similar  to  our  planets,  an  hA^othesis 
which  is  far  from  being  completely  improbable,  it  must  happen  to 
a  certain  number  of  them,  that  the  planes  of  the  orbits  of  these 
secondary  bodies,  if  prolonged,  would  pass  through  our  system. 
In  this  case,  at  each  revolution^  there  would  be  an  eclipse  to  our  eyes 
of  the  central  body,  a  partial  or  total  ellipse,  according  to  the  dimen- 
sions and  the  respective  distances  of  the  dark  satellite  and  its  sun. 
Many  sateUites  of  unequal  periodjs  would  then  explain  the  different 
phases  of  variability. 

Another  explanation  of  the  variability  of  certain  stars  has 
been  suggested  by  the  tact,  that,  during  the  minimum  of  bright- 
nesS|  some  of  these  bodies  have  appeartnl  surrounded  with  a  kind  of 
mist.  This  is,  that  the  variabUily  is  owing  to  the  inter|josition  of 
nebulous  masses  travelling  through  space,  and  which,  not  being  self- 
luminous  would  veil,  or  even  quite  i^xtinguish,  the  stars  in  question. 

[The  question  of  variable  stars,  one  of  the  most  puzzling  in  the 
whole  domain  of  astronomy,  has  recently  engaged  the  attention 
of  Mr.  Balfour  Stewart,  who  has  done  so  much  good  work  on  the 
Sun, — which  by  the  way,  is  doubtless  a  variable  star.  He  remarks, 
"  We  are  entitled  to  conclude,  that,  in  our  o\*'ti  system,  the  approach 
of  a  planet  to  the  Sun  is  favourable  to  lununosity,  and  esptx-iuUy 
in  that  portion  of  the  Sun  which  is  next  the  planet.  Let  us  take 
variable  stars.  The  hypothesis  which,  without  being  physically 
probable,  gives  yet  the  best  formal  explanation  of  the  phenomenon 


♦  The  idea  of  Maupertuis,  tliat  among  the  suns  there  are,  doubtless,  some  of 
which  the  forms  differ  from  a  sphere,  and  which  are  presented  to  us,  by  reasoa 
of  a  movement  of  rotation,  aometimes  in  section^  sometimes  in  plan,  acarcely 
seems  in  accordance  with  tlio  principtea  of  tuechaiiics,  which  aceouat  for  the 
figures  of  celestial  bodies. 


there  i-epreseiiteil,  is  tliat  which  assumes  rotation  on  an  axis,  while 
it  is  supposeil  thut  the  Ijody  of  the  star  is  not  ecjujilly  hmiiiious  on 
every  part  of  it8  suHhee,  Now,  if  instead  of  this,  we  Hwppose  such 
Q  star  to  have  a  hirgo  planet  revolving  round  it  at  a  small  distance, 
then,  accordinfjj  to  our  hypothesis,  that  portion  of  the  star  w^hich  ia 
near  the  pkni^,  will  he  im^re  himinoue  than  that  which  is  more 
remote;  and  this  stitte  of  things  will  revolve  round  m  the  planet 
itself  revolves,  preHeiitinp:  to  a  distant  s]>ectat(*r  an  api>camnec  of 
variation,  w4th  a  period  equal  to  that  of  the  planet,  I^et  us  now 
suppose  the  planet  to  have  a  very  elliptical  orbit ;  then  for  a  long 
period  of  time  it  will  ho  at  a  distance  from  its  primary,  while,  for 
a  comparatively  short  period,  it  will  be  very  near.  Wo  should, 
therefore,  expect  a  long  ])eriod  ot"  darkness,  and  a  ci uuparatively  short 
one  of  intense  light » precisely  what  we  have  in  temporary  stars/*  So 
that»  according  to  Mr.  .Stewart,  the  phenomena  of  variable  stars 
depend  uptui  the  fonnal  law,  that  the  approach  of  the  heavenly 
Iwdies  produces  light  in  tlxe  eame  way  aj*  the  approach  of  atoms 
profluccs  light ;  an  oftshotit  of  the  fact,  Ihat  heat  and  light  are  modes 
of  motion,] 

Among  the  variable  stars,  [as  if  in  proof  of  Mr.  Stewart's  hypo- 
thesis,] l»inary  <*onples  are  noticed.  Such  is  y  Virginis,  of  wluch  we 
have  had  aci'asion  to  cite  the  movement  of  revolution.  The  two 
stare  which  roinpose  it  have  changed  in  brightness^  and  the  most 
brilliant  has  hc^'ome  inferior  to  the  other,  at  the  end  of  some  years. 
The  variable  star,  a  Cassiopeie,  is  also  a  double  st^r ;  according 
to  8truve  there  are  many  others.  **That  which  is  espec^ially  of 
great  importance/*  remarks  thut  eminent  astronomer,  **  Is,  that  it 
can  be  demonstmted  from  this  variability  of  double  stars,  that  they 
move  round  un  axis  of  rotation,  and  that,  in  consequence,  we  have 
found  a  fresh  analogy  between  these  systems  of  many  sums  and  fuir 
planetary  system/'*  On  tlie  hj^pothesia  of  dark  satellites,  it  will  be 
seen  that,  if  the  annlogy  .seiiced  upon  is  different,  it  is  not  less 
curious. 

According  to  Mr,  Hind,  the  colour  of  a  great  number  of  variable 
stars  is  red ;  hut  that  is  not  an  essential  chiinicteristic  ;  if  Mim  is 
of  a  red  colour,  the  light  of  Algol  is  whit45.* 

*  [Wc  are  enabled,  by  ibe  kindness  of  Messrs.  Knott  and  Baxendell,  to  iidd 
here  a  woodcut  (fig.  HO<i),  which  will  give  the  reader  an  idea  of  the  method 
adopteil  by  our  observera  in  this  cla^a  of  obHcrvatiuiis, 

By  successively  coatractiag  tbe  aperture  cif  the  ti'lescu|ie,  stars  of  all  mag- 
nitudes can  1)0  made  to  disappear.  Finding  by  experiment  with  what  aperture 
i^tiu-s  of  kuown  TuajDitudo  became  just  extinj^iiatied^  the  aperture  at  which  a 
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As  we  advance  in  the  gtndy  of  the  stellar  world,  the  apparent 

uniformity  of  the  heavens,  in  which  the  indifferent  spectator  at  first 
oidy  sees  a  mnltitude  of  luminous  points  always  the  same,  always 
immovable,  gives  place  to  a  most  rich  and  varied  picture.  The 
number  of  phenomena  of  which  we  are  the  witnesses  is  only  equalled 
by  the  moulds  of  time  and  space  in  which  they  are  cast. 

We  have  seen,  in  the  solar  system,  the  most  wontlerful  order 
governing  the  combination  of  tho  movements  of  the  bodies  which 
compose  it»  and  the  simplicity  of  the  means  by  which  the  most 
astonishing  differeneew  are  everywliere  produced.  In  the  sidereal 
world,  the  same  harmony  governs  the  suns  even,  the  ehangea  of 
which,  as  we  have  seen,  are  subjected  to  laws  and  regulated  jxTiods. 

It  must  not  be  thought,  however,  that  it  is  necessarily  thus  with 
all  celestial  phenomena,  and  that  regularity  is  the  chanicteristie 
sign  of  the  movements  or  transformations  of  stars.  We  are  about 
to  describe  some  phenomena  which  bear,  for  the  most  part,  the  ap- 
pearance of  sudden  catastrophes,  or  which,  when  they  occurred 
gradually,  were  rapid  enough  tor  observers  to  register  all  their 
phast^s.  These  sudden  changes  will  doubtless  strike  the  imuginti- 
tion  ;  but  our  reason  will  none  the  more  look  upon  them  as  pro- 
digies, habituated  as  it  is  to  see  everything  subjwted  to  laws : 
Omnia  n>(fnninr  numrm,  pm<kre  et  menmrd  f 


^  2tlni 


star  no  di&appeara  becomes  an  index  of  its  magDitude*  Preparatory,  there- 
fore, to  comtaeucing  operations  on  a  variable  star,  the  observer  furaiahea 
himself  with  a  chart  of  the  surrounding 
stars,  with  a  Bebcted  list  of  conveniently 
aitiiatcd  comparison  stars,  whose  ma^ii- 
tude  is  carefully  meaaured  in  the  niaaner 
we  have  iiidiaited.  The  **  compariiioti  stars  " 
are  lettered  for  convenience  of  i-eference. 
Tlie  observer  then  comparea  the  variable 
with  those  stars  on  the  hst  which  difier 
least  from  it  in  brightness^  and  carefully 
estimates  the  difference  in  tenths  of  a 
magnitude*  He  thus  ohUiins  several  inde- 
pendent values  for  the  magnitude  of  the 
variable  at  the  date  of  observation.  The 
mean  of  these  is  adopted  for  the  night* 
The  Bucoessivc  ol^^^rvations  ai-e  laid  down 
on  crosa-ruled  paper,  the  dates  of  obser- 
vation forming  the  abscissa;,  and  the  mean 
magnitudes  the  co-ordinates.  Through  the 
ptvinb*  thus  obtainetl  a  curve  is  laid  down  ; 
this  is  the  li^hl-eurve,  and  from  it  the  datea  of  maximum  and  mininmni 
brightness  are  determined.] 


30  luiu. 


Fijf.  I4f)w.— Vari*b1e  Star  Chart 
V  Ciuicri    (Kuott,) 
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TEMPORARY  ST.UIS. 


New  stars— Temporary  Star  of  157 2^ Lost  SUra — EipkjiatioEi  of  tbea©  Sudden 
Appeamoces  and  Disappearances. 


"One  night,"  writes  Tyclio  Bralie,  "as  I  was  examiniTig  as  usual 
the  celestial  vuult,  the  a8j)eet  of  which  is  so  familiar  to  me,  I  saw, 
with  imspoakable  astoDishment,  near  the  zenith,  in  Cassiopea,  a 
star  of  extraordinary  brightness.  Htriiek  with  surprise,  I  eould 
scarcely  believe  my  eyes.  To  convince  mysell'  that  there  wels  no 
illusion,  and  to  obtain  the  testimony  of  other  persona,  I  caUed  the 
workmen  occupied  in  my  laboratory,  and  I  asked  them,  as  well  ns 
all  the  passers-by,  if  they  saw,  as  I  did,  the  star  which  had  so 
suddenly  made  its  appearance.  I  learnt  later,  that  in  Germany 
the  coach-drivers  and  others  of  the  peopk^  had  acquainted  the  astro- 
nomers of  a  strange  appearance  in  the  sky,  and  thereby  furnished 
occasion  for  a  renewal  of  the  accustomed  raihiig  agaLiist  scieutific 
men." 

It  was  in  the  course  of  November,  1572,  that  this  strange  appari- 
tion took  place. 

The  new  star  observed  by  Tycho  had  none  of  the  appearances 
of  a  comet ;  no  nebulous  head,  no  tail  accompanied  it ;  it,  moreover, 
remained  completely  immovable  in  the  same  point  of  the  heavens 
dtiring  the  seventeen  months  that  it  was  visible.  It  twinkletl  in  an 
extraordinary  manner,  and  at  first  its  brightness  exceeded  that  of 
Vega,  8irius,  and  even  Jupiter  at  its  smallest  distance  from  the 
Earth.  **  It  could  only  be  compared,"  says  Tycho,  "  to  that  of  Venus 
in  quadi'ature."  It  also  remained  visible  in  the  day,  at  noon,  when 
the  sky  was  clear.     But,  by  degrees,  its  light  diminished  in  intensity. 

In   January  1573,  it  was  already  less  brilliant  than   Jupiter; 
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from  the  month  of  April  it  passed  from  the  first  to  the  second 
magnitude ;  after  this  it  rapidly  decreased,  and  disoppcarod  at  last  in 
March  1574. 

Not  only  was  this  extraordinary  star  variable  in  brightness,  but 
even  its  colour  was  subjected  to  rapid  changes ;  first,  white  during 
the  iirst  two  months,  the  period  of  its  greatest  brilliancy  ;  afterwards 
it  passed  to  yellow,  then  to  red,  Tycho  then  compured  it  to  Mur«, 
to  Betelgeuse,  and  espeeially  to  Aldebaran,  Lastly,  in  the  spring 
of  1573,  the  red  colour  reappeared,  and  remained  until  the  end  of 
its  visibility. 

Several  similar  appearances  have  been  noticed  in  more  remote 
times  in  various  regions  of  the  sky;    two  of  them   are   especially 


Fi^f.  141— Now  Mid  icmiMinnry  star  of  137 J,  in  Ca^o|>ca. 

iiiteresting.  They  were  observed  in  945  and  in  1264,  between 
Cepheus  and  Cassiopca,  nearly  in  the  same  position  as  that  taken  up 
by  the  Pihjritn,  the  nntnc  given  to  the  star  of  1572,  If  this  identity 
were  actually  established,  temporary  stars  would  then  be  shown 
to  be  no  other  than  periodical  variable  stars,  a  conclusion  at  which 
we  have  before  hinted  ;  and  the  only  diflerence  between  thera  would 
arise  from  the  incfpudity  of  the  cycle  of  variability,  and  of  the 
intensity  of  the  variations. 

[From  a  careful  reduction  of  the  places  recorded  by  Tycho  Brahe, 
Argolander  has  urrived  at  the  following  figures,  as  giving  its  position 
for  1865  :— 


R.A. 

4      m   57-7 


Deel, 


Hhn3    S3    65*4 


tuking    up    the    theory  that    this    toniporary  star  is  really  a   long- 
period  variable,  he  has  been  inquirbg  whether  any  suspicious  star 
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existfei  in  or  near  tlie    ithoYv  pLice.      He   finds   that    D' Arrest   ha** 
ab«ervecl  a  star  of  the  10|  ma gn it ucU\  in  the  fijHowing  po«itiuTi  :■ — 


RA, 


h)    3n 


D«cL 


+  63    22  U 


Mijnv  ypurs  ag^o,  observers  sought  in  vain  for  a  »tar  in  this  position, 
imd,  it  may  be,  that  D'Arrest's  star  may  be  the  ^reat  teinporar)^  star 
of  1572  Blowly  recoverino^  its  light.  Nor  are  the  intorvals  between 
the  datt*8  we  have  mentioned  widely  different ;  the  mean  of  them 
gives  1885  us  the  epoch  of  its  next  nmximimi,] 

Since  the  observation  of  Tyeho  Brahe,  many  temporary  stars  have 
been  seen  in  the  eonstelhiiions  of  Serpen tariu.s  and  Cygnus,* 

But  the  most  brilliant  of  all  of  tbeise — tliat  of  1004,  wliieh  was, 
however,  inferior  to  that  of  1572 — was  especially  remarkable  by  its 
vivid  scintillation  ;  it  disappeared  like  the  first,,  leading  no  trace 
Ijehind. 

Among  these  stars  some  have  been  ret^orded  which,  after  having 
varied  in  brightness,  have  remained  visible,  preserving  permanently 
their  laist  phase  of  brightness. 

Lastly,  s<jme  stars,  the  first  appearance  of  which  was  not  observed, 
ha^e  disappeared.  Hence,  the  names  tvnqiorary  dara^  new  star^,  and 
/ad  nffiyji,  given  to  these  three  kinds  of  stars  respectively. 

To  whnt  causes  must  these  truly  extraordinary  phenomena  be 
Kiseribed  ?  If  we  suppose  these  itars  to  be  variable,  it  is  still  difficult 
to  explain  these  fpiiek  ehangea  of  brightness,  these  nearly  sudden 
appearances  of  bodies,  whieli  at  once  attain  their  greatest  brightness. 

It  has  been  attempted  to  account  for  them,  by  supposing  them  to 
be  endowed  with  very  rapid  movements;  but,  of  oil  the  hypotheses, 
this  is  evidently  tlie  most  improl>abIe.  Arago,  examining  this  qnes- 
tion,t  shows,  that  to  paiis  from  the  first  to  the  second  magnitude  by 
a  simple  change  of  distance,  a  star  would  require  six  years,  in  the 
case  of  a  star  travelling  with  the  velocity  of  light*  or  102.000  miles 
an  hour.  Now,  the  star  of  1572  underwent  this  change  in  a  month, 
and  we  must  suppose  for  it  a  veIo<-ity  72  times  greater,  that  is  to  say, 
a  velocity  200, (JOO  times  greater  than  that  of  any  known  star. 

On  the  other  hand,  if  these  phenomena  are  explained  by  some 

*  Most  o[  thti  uew  or  temporary  stiirs  liavy  made  their  appearauw  either  iu 
ur  Dear  the  ililky  Way.  Tycho  hence  concliided  that  these  bodies  were  formed 
of  the  matter  of  which  this  great  nebula  wa3  then  thought  to  constat ;  but 
thiii  opiaioTi,  at  present,  is  iaadmis^ible,  since  it  is  now  known  that  the  Milky 
Way  in  entirely  composed  of  ilisLinet  stars. 

t  **  Annuaire  da  Umeau  des  Longitudes,  lH4i/*  p.  327, 
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stupendous  proceea  ofcombuBtion — some  audden  eoiiflugrations  takiug 
place  on  the  surfaces  of  bodies  until  then  obscure,  by  pi-ogressive 
extinction  inducin^r  first  a  decrease  of  hrightiipHs,  and  afterwards  dis- 
appearance— ^suc'h  catastrophes^  are  well  adapted  to  strike  our  imagin- 
ation, and  to  destroy  the  ancient  idea  of  the  immutability  of  the 
h  Leavens. 

Perhaps  electric  and  magnetic  powers  play  some  part  in  the 
prrjduction  of  these  gigantic  eottpa  d^  theattr.  Hunjboldt  seems  in- 
clin*:^  towards  this  idea.  He  protests  against  the  hypothesis  of 
deatrnetion,  of  the  actual  combustion  of  the  stars  which  have  dis- 
appeared. **That  which  we  set*  no  more/'  he  says,  "has  not 
necessarily  ceased  to  exi^t.  ....  The  eternal  play  of  appi rent  cre- 
ation and  apparent  destruction  does  not  prove  an  annihihition  of 
matter;  it  m  a  pure  transition  towards  new  forms,  determined  by 
the  action  of  new  forces.  Some  sturs  which  have  become  obscure, 
may  again  suddenly  Wcome  Inminous,  by  the  renewal  of  the  same 
conditions  which,  in  the  first  instance,  developed  their  light/' 

It  is,  perhaps*  yet  more  difficult  to  imugine  these  variations  due 
to  movements  of  rotation.  The  various  faces  must,  indee<l,  be  sup- 
posed  to  be  of  a  prodigiously  unequal  brightness ;  and  even  in  that 
case,  the  sudden  appearances  could  scarcely  be  accounted  for,  at- 
taining, as  tliey  do,  at  once,  the  maximum  intensity.  The  changes 
of  coktur  would  be  likewiwe  inexplicable  on  this  hyiKjthesis. 

Lastly,  some  astronomers  attribute  these  appeamnces  and  dis- 
appearances to  the  movement  of  nebulous  massefs,  not  self-lumJnous  ; 
a  kind  of  coBinicnl  cloud,  interi>osc'<l  between  the  star  nnd  our  system, 
might  produce  an  eclipse,  and  this  ecli[j8e  might  cease  when  the 
*  clouds '  had  entirely  passed.  Thus, 
lost  stars,  as  well  as  new  and  tempo- 
rary stars,  would  be  at  once  ex- 
plained. 

It  is  difficult  to  say  which  is 
the  most  probable  of  these  hypo- 
theses. The  truth  is,  that,  although 
the  phenomena  which  have  sug- 
gested them  are  facts, — authentic 
facts^ — we  are  yet  quite  ut  a  loss  to 
ussign  a  cause  for  them. 

We  will  bring  this  chapter  to 
a  close  with  a  description  of  the 
most  astonishing  of  tdl  the  pheno- 
mena of  this   kind, — namely,    the  variations  of  the  star  tj  Aigiis; 


Fig.  U2.— VMiftble  sUr,  EU  ArgiU. 
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a  singular  star,  wliii'h  van  be  classed  neither  among  the  temporary 
nor  among  the  variable  istars. 

Towards  the  end  of  the  seventeenth  eentury,  this  star  was  only 
of  the  fourth  mugnitude ;  less  than  a  century  after,  in  1751,  it 
attained  the  second.  Sixty  years  later,  it  again  descended  to  its 
tirat  brightness,  increasing  anew  until  the  year  1826.  From  that 
epoch,  it  has  passed  through  the  most  astonishing  phases,  osrillating 
between  the  first  and  second  magnitudes,  sometimes  equal  to 
a  Orucis,  then  to  a  (Jentuuri ;  suqjassing  Canopus,  and  approaching 
lastly  to  8irius.  The  rapidity  of  these  changes,  their  unequal 
periods,  the  long  duration  of  this  state  of  variability,  the  im- 
possibility of  finding  a  law  more  or  less  regular,  all  contribute  to 
make  this  beautiful  star  one  of  the  most  curious  objects  of  the  sky. 

liet  us  think  for  a  moment  on  the  actual  phenomena,  which  give 
rise  to  such  metamorphoses.  Let  us  reflect  on  the  vicissitudes 
necessarily  midcrgoue  by  the  planets  which  move  round  such  a 
strange  sun,  arising  from  the  variations  in  the  intensity  of  its  light 
and  hejfit,  and  on  the  stupendous  changes  which  are  the  neccssiiry 
consequence.  Perhaps  our  Siui  has  been,  or  will  be  one  day,  the 
scene  of  like  variations,  Ttvhich  are  only,  after  all,  the  manifestations 
of  the  eternally  active  forces  which  govern  all  systems.* 

*  A  cniitemporary  astroDomcr,  Mr.  R  Abbott,  wlio  has  followed  the  variations 
pf  n  ArgAs  until  now,  informs  as  tliat  after  having,  In  1843,  attained  the  bril- 
liancy of  Sirius,  it  diminished  pregresaivelj,  passing  through  all  the  orders  of 
iiitenucdiate  magnitudes  between  the  first  and  sixth.  In  1863  it  was  no 
longer  visible  to  the  naked  eye. 
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STAU-U1K>UP8. 

Nuturtil  OruH|Jiiig»  t*f  iitara  — Gri>up«  Viaiblu  Ui  tliuNiiktHl  E^u— T[)u  Pkniiltrt^ 
Thu  IlyinJea^ — Pnusepc — Tbe  Grouii  iu  Pcimriw. 

AitK  the  atara  that  are  visible  to  the  imktil  eyv  apread  oiilerlefia 
uii  tlie  celestial  vault?  or  is  there  not  between  those,  upijaiently  iiitwt 
cloHuly  I'OTiiieL'ttxl,  Homo  real  or  physieal  eouEexion  whiuh  requires 
U8  t^)  rank  them  in  natuml  groups  ? 

These  queations  have  bc^en  already  partly  solved,  by  what  is 
known  of  the  double  and  multiple  star- systems.  Scmju,  exploring"  the 
regions  of  the  aky  vii*ible  by  nieana  of  the  teIeseo|K%  w<3  shall  hav4* 
in  pass  in  review  a  multitude  of  stellar  associations,  in  whieh  suns 
are  found  so  e^mipaet  and  so  numerous,  and  the  furm  iif  the  gn)Ups 
Hi)  regular^  that  it  18  impossible  to  deny  their  reeiproeul  rlepeudenee. 

But  long  before  the  discovery  of  these  island^^  these  art- hipehigos 
of  worlds,  scattered  with  hucIi  astonishing  pro  fusion  over  tlie  infinite, 
the  naked  eye  had  already  distinguished  a  ccTtaiii  number  of  grou]>s, 
the  stars  com|>D9iiig  whieh  were  so  near  together  that  it  was  ini- 
pnssible  to  doubt  their  jibysical  connexion. 

Sut'b,  tljr  examjde,  is  the  group  of  the  lUeiades.  Such,  ugain, 
are  the  groups  known  under  the  names  of  the  llyades,  of  Pnosi^pe, 
and  of  Berenice's  Ilair.  All  are  visilile  to  the  nake<l  eye,  and  good 
eycH  distinguish  without  ditfictdty  the  j)rineip!il  stars  of  the  first- 
namcfl  groups.  Tlic  lUeiadi's  (fig.  14tj)  are  situated  in  the  con- 
stellation of  the  Bull,  whieh  we  can  distinguish  so  easily,  to  the 
north-west  of  Orion  and  Aldebaran, 

Of  about  eighty  stars^  whieh  fonn  the  group  of  the  Pleiadi^,  six  arc 
visible  without  the  help  of  telescopes.  Fonnerly,  the  Latin  |)oet  tella 
us,  seven  were  couuti»d,  which  may  be  lield  to  prove  that  fjue  of  them 
is  variable,  and  has  diiuinished  in  bnghtness,  or  else  bus  disnppeared. 
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The  most  brilliant »  Ak'yoiH%  is  of  the  third  itiafj^nitude ;  Eloctra 
uud  xVtlus  urc  oi*  the  Ibui^th ;  3Ierope,  Maui,  and  Taygete,  of  the  fifth. 
Three  others  ugjnii  huve  rtH-cived  purtieular  luiineH*  although  they  nvv 
Ik^Iow  tbf  limit  of  tirdiiiary  visi<iii ;  tlit-si*  jiro  Pk^ioiie,  (A-kaio,  and 
iVstrro]H%  fi'dio  tlie  sixifi  tti  tlie  eighth  iiia^^nitude.  All  the  utheis 
are  oidy  visihle  l>y  I  he  aid  of  a  teleseope ;  h^it  with  an  ordiotriy  t^lasH 
it  is  possible  to  di,stint5jiiish  a  large  imraber.  The  Pleiades*  urv 
known  under  the  name  of  I  he  Hea-eoopy  doubtless  because  Aleyom 
appears  in  the  group  as  a  hen  surrounded  with  her  ehirkeus. 

Tlie  Iliimlea^  whieh  are  near  the  Pleiades,  Ibrni  a  leas  numerous 
and  more  seattcrcKl  group.     The  bright  light  of  Aldebarau,  which  is, 


Fig.  U5.— TiK' U>Li4oii.     (il.mliiit;.) 


as  i»  kiio\na,  ijf  the  first  magnitude,  rendej-w  them  more  diflSeult  to 
distinguish  with  the  naked  eye. 

Tliey  apix'iir  lit  the  rainy  seasfjn.  Ilenee  their  name  of  Hyades, 
from  the  Greek  worf  whieh  signifies  **  to  niin/' 

The  connexion  of  the  stars  whieh  eom|M)se  this  group  is  not  so 
striking  as  iu  the  case  of  the  Pleiades.  Kevertheless,  it  .seems  dif- 
ficult to  admit   thiit  they  are   quite    independent    of  each    other's 

*  The  ancient  poets  also  calletl  them  Hesperidea  or  Atlan tides.  The  nanic 
of  Pleiades  ia  sUt<^"d  ti»  have  been  derived  frum  •'Air*,  which  signifies"  to  nsivigute  :** 
because,  aceoi'iliug  tu  Lalancle,  ia  the  spring  and  near  the  epoch  whea  thej  rise 
with  the  SuD.  the  season  for  navigating  the  5 Mediterranean  comniencea.  t^thei's 
say  iliat  tbei^c  stars  were  dreaded  by  marincn*,  on  account  of  the  niinij  and 
btoims  which  seemed  to  rise  with  thoi^j  which  they  attribute  to  their  influ- 
euce* 
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STAR- CLUSTERS. 

riiii^ters  nfStiirK  of  (ik»bnlnr  nr  S|iliei'ical  Form  —  Enornuniis  Number  of  Stars  in 
rerhiin  CIiikUts  —  (^lustern  in  TeiisHus,  ( 'en  tut  nil  f^,  Toncsm^  Aquariiia,  SiC 
— ("nrioiifi  F"'omis  ot  »+orae  Cliistei's. 


Amunh  8tnr~clu8ter8»  a  very  hhkiII  number,  ivs  we  bave  bofi>re 
remnrkpfi  are  l>riglit  eiunifi;li  or  consicleniWe  eutnigli  tn  lie  \^sillle 
Jo  the  iiakefl  eye.  In  all  of  thene,  the  stsirn  are  m>  elose  ti^gethei', 
tlnii  it  ia  impoHsible  Ttc>t  to  recngni.se  in  thein  reiil  stellur  grouiM, — 
n-u]  t'cunpain'oiiship^ — rea!  systein,s  of  Sunn. 

[*  M'  thiH  *'hi8.s,  the  eluster  io  PerneuH  is  at  onee  a  8tTikm|3:  example, 
ami  line  f»f  tlio  most  glorious  objeetB  in  the  heavens.  Ijet  the  reader 
seareh  for  itn  faint  glimmer  in  the  ililky  Way,  hehveen  (he  l>ri«J!:hl 
stars  in  C-ussi^jpea  and  Perseus^  and  turn  even  a  nmall  hand  tele8<'0])e 
iijxm  it,  the  sight  will  well  repay  him  ;  but  if  a  six-inch  or  a  largi*r 
aiK^rturt-  eiin  be  used,  he  will  never  forget  the  glorious  pieture 
unfoldert  Ix'fore  hiiih] 

Their  generally  rounded  form  gives  them  a  cometary  aspect,  and 
(ilvHerverw,  not  completely  familiar  with  the  divers  regions  of  the  sky, 
may  easily  be,  and  indeed  sometimes  are,  mistaken  in  tbeir  nature ; 
although  the  permanence  of  their  fV*rra,  and  es^xvially  of  their  position, 
is  a  characteristic  which  should  i?uffice  to  distinguish  them  from 
emnet^* 

There  are  also  some  clusterjm,  although  these  are  not  nuniernusi 
the  ccint«»ura  of  which  are  very  irregular ;  in  these,  the  number 
of  the  stars  is  genentlly  much  smtiller  than  in  the  clusters  of  globular 
Ibrm,  and  their  dislribuliuu  is  also  very  ditlVrcnt.  If  w-elook  at  the 
figures  (l,2,yj  in  Plate  XXXII*  we  shall  be  stniek  with  the  re- 
markable eondensation  of  the  hnninous  ixjiiits  at  the  centre.  This 
condensation  is  easily  explained,  if  we  sup|Kise  that  the  real  form  of 
the  ebistcr   is  nearly  that   of  a    sphericid   glohe.     Then,  even  on  the 
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tiyiKitbcMsiH  Uiut  tliL^  stor8  iin*  cKjually  diMtributefl,  if  will  l>e  under- 
wtcMjfl,  tliat,  as  the  viaiml  niy  tnivcrscs  its  centre  through  mi  t  all  tho 
extent  of  its  diameter,  and  im  in  approaching  the  borders,  it  traverbea 
smaller  and  smaller  jxirtions^  the  law.s  oi'  j>erspoctive  will  account 
for  the  apparent  eoUectJan  of  the  lumiuoua  point j^  at  the  centre. 

But  the  increase  of  brightness  from  the  border  to  tho  contm  is 
often  more  rapid  than  the  bj-pothesiB  of  an  e<|ual  distribution  of  tho 
stars  in  tho  interior  will  sjinction.  It  ha8  been  hold,  therefore,  that, 
besides  tho  apparent  or  purely  opticid  eondensiition,  theri^  exists  a 
real  tjondonsfition,  whieh  is  priKlucetl,  doubtless,  by  the  influence 
of  the  central  forces,  resulting  from  the  separate  attractions  of  each 
of  the  suns  which  compose  these  syst^jms. 


Fig,  147— Star  cJiiaUr  ii«ar  t  OuuLauil.   {Sir  J,  HorschclJ 

**  ITow  cxm  these  isolated  systems/*  si»y«  Iluniboldt,*  "  be  main- 
tained? I  low  can  the  suns,  which  crowd  at  the  interior  of  these 
systems,  accomplish  their  revolutions  Iret-ly  and  without  chi^hingP" 

These  questions,  whicli  upply  to  all  clusters,  are  the  most  difficulf 
of  all  the  problems  (>f  celestial  mechanics.  But  it  mast  not  be 
forgotten  that  these  stellar  uggregati<ms  are  situated  at  great 
distances,  and  that  their  purtieles,  so  U)  sjjcak,  which  secern  to  us  8t> 
near  one  another,  have  lH}tw^ctni  them  intervals  perhaps  as  consider- 
able  as  tlie  disUuice  of  our  Sun  from  tlie  urmest  star.  Their  move- 
ments aroj  therefore,  iltjubtiess  ellcH^te^l  wilfi  all  freuloia,  througli 
spac4>s  as  vast  ajs  the  general  ecjuilibriiiiii  necessitates,  anti  with  a 
relative  slowness  jjropnrtitjnate  fo  Hie  (bmeiiNi^nis  ot  fheir  orbits 

'  'oHfTiOis,**  vol,  lU.  |J.  15'], 


Tlie  iiunihtn*  nf  hUivh  L'oiitainod  in  I'luHtei-w  of  a  globular  fomi  Is 
often  prtKli;;iu»s, 

Wo  havL*  SUCH  thut  llie  chistor  of  the  Stmtliern  Cross  (Plate 
XXXI),  so  euritJiia  on  aecount  of  the  varied  eoloura  of  its  eomponents, 
oiilv  t'ontsiiiis  110  .st<ar.s,  hat  ITerHubel  has  ealrulated  that  many 
t^iu.iters  euntain  iitMHI  uollectcd  in  a  space^  the  uppareut  dimensions 
of  which  are  scareely  the  tenth  part  of  the  Hurtkce  of  the  lunar  di^k. 

Such  18  tlie  chtster  sitiiatc^^l  between  the  two  stars  jj  and  ^ 
Ilercnlirt  (Plate  XXXII,  2)»  one  of  the  most  mat^nitieeiit  in  our 
northern  heavens  ou  fine  nights;  Ibis  ebister  i«  visible  to  the  naked 
eye  as  n  Inmlirnis  spot  of  nmniled  form  ;  in  the  teleseojMJ,  it  is  ro- 


FiiS:.  HH.— Cluster  iu  A<jU,ina».    (hard  Umme.) 

solved  into  a  multitude  of  stars,  and  preaervefi  its  globnlur  appoaranec, 
Init  is  fringed  on  the  Imrders  with  several  threads  of  outlying  stars. 

Hie  ebjster  near  w  Ceiitanri  (fig.  147)  is  alsu  visible  to  the  naked 
eye,  and  shines  as  a  siar  of  tho  fourth  oi"  tifib  magnitude;  it  is  re- 
HoIve<]»  by  very  pow^erful  instruments,  iuti)  a  inidtitudc  of  stars 
greatly  eondensed  towards  tlie  <'eiifre,  the  liglii  of  wbieh  varies 
Ix^twet^n   the  thirteenth  and  fifteenth  rnaguitudes. 

Tlie  beautiful  cluster  in  Aquarius,  which  Sir  J*  Ilersebel^s 
drawing  exhibits  as  line  luminous  dust  (Plate  XXXI I,  4),  when 
examined  thr<»ugb  the  ^]arl  of  Rosse's  |x»werfiil  reflector  appeartnl 
(fig,  148)  like  a  magnificent  globular  cluster,  entirely  separated  into  starH. 
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But  tin*  most  beaiUiful  spwimcn  of  this  kind  in,  without  doubt, 
the  nplt'iKlid  fluster  iu  Touran,  quite  \'isil>le  to  the  iuiUimI  eye  in  the 
viL'iiiily  of  the  snuiller  Maf^ellaiiie  (Uoud,  in  a  region  of  the  southern 
nky  entirely  void  of  stars.  The  condensation  ut  the  eentre  of  thi:^ 
e luster  is  extremely  decided ;  there  are  three  perfectly  distinct  gra- 
thitiona,  nnd  the  oraiij^e  red  eoh>ur  of  the  central  agg-hiincratitm 
eontraets  wonderfully  with  the  white  light  of  tlje  concentric  euvel- 

The  i'lustcrs  of  spherical  form  are  oixllnarily  the  richest,  and  the 
telescope  haw  the  lea^t  difheulty  in  atudyzing  them  into  stars. 


fig.  HO.— Ouster  In  Tmiaui,    (Bir  J.  Heiicliul  J 

Nevertheless,  among  the  others  there  are  some,  the  resolution  of 
which,  until  lately  irnpossihle,  has  liecn  acci  niplisluHl  hy  the  use  of 
telesef>])eH  of  the  f>reate.st  optical  power.  Sueli  is  the  ova]  nehula  in 
Andromeda,  of  which  more  anon. 

Here  are  some  curiously  formed  clusters  (fig.  150),  in  which 
every  indication  of  con<*entrution  has  disappeared.  The  drawing 
which  represents  the  cluster  in  the  Twins  (Phite  XXXII,  6)  whows 
it  to  he  intermediate  between  the  irregidar  groups,  nnd  the  clusters 
of  decidc^Uy  spherical  form  which  we  have  passed  under  review.  At 
the  summit  of  u  kind  of  pyniniid — the  form  of  this  singular  cluster — 
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the  liiminous  pf»in1fi  scvin  U\  preftB  t4iwardH  ii  pro|wiidcniiit  thora.  In 
the  dustcTs  in  fig^ure  15<)»  nothing  similar  is  seen. 

The  clusters  are  not  equally  distributed  over  the  heavens;  they 
lire  ino«t  muiienjiiii  in  the  Milky  AViiy,  and  in  the  twu  Ma^^elLmic 
Clouda.  The  region  richest  in  gk>bidar  clusters  is  situated  in  the 
southern  hemisphere,  and  fonns  an  imjK»rtant  purtiun  of  the  Milky 
Way,  eoinprit^'il  hot  ween  the  eoiisteUationft  of  I  he  \V«ilf,  AUar»  Sem*- 
pion,  Southern  Cross,  and  iSagittarius. 

In  deacribiTig  the  Tiumt  be^iutiful  of  the  fitar-chisters,  that  nt 
Toucan,  we  remarketl  that  the  central  part  is  roacveolour,  .snrroundtnl 


Fig  ISA, — Ciu»u.'r»4»f  a.ii&'ular  (MrniB  fSir  J   UvrncbcLJ 
L  €lii«tcr  in  Soi^rpio.  'L  Ilik»tui-  in  thv  AltiV. 

with  a  white  eoiicentrie  k*riler.    The  cluster  being  entirely  reaolvod 

inUy  starw,  this  coloration  evidently  belongs  to  each  of  the  eom- 
IKinents ;  a  fact  which  will  not  surprise  us,  after  that  which  has  bet^n 
«een  of  the  simple  and  double  coloured  stars. 

The  ehister  in  the  Smthem  Crosvs  (Plate  XXXI),  which,  as  wo 
have  seen,  is  fonned  of  a  gi-c^iit  niiniber  of  white  stars,  interspersetl 
with  some  red,  i^reen,  and  blue  stars*  api>mr8  as  a  white  cluster,  (hi 
tlie  111  her  hand,  wc  havt-  ijuotc^l  a  cluster  of  the  southern  sky  entirely 
I'onijwsed  of  bkie  start*. 

The  coh>ur  of  theses  stur-elusters  is  tlu^n  ausily  txplaiufrl  by  the 
predominant  eoh»ur  *)f  flie  stars  of  whiih  they  are  rMira|K>se<:L 


THE   MU.KV    WAY 

<iuncml  Artjtect  of  the  Milky  Way  —  It**  ('uiirM^  tUrouji^h  thu  Nuiihcni  iinil 
♦Stmthcrii  INiHstdl'itiuiia— llcsolvnUilitj  into  Stars  iiutl  Stnr-Chistors— Im 
peoetrability  of  ctartiun  rojjioua  of  tlio  Milky  Way. 

With  the  exception  of  tlic  Mu|?elliiiiic  XJlouds,  of  whit-li  moi'c  anon, 
and  a  few  »tiir-L'luHtor8,  all  the  star- group iii^  whii-h  wc  Imvc  yet 
reviewed  utq  inviniblt!  to  the  naked  eye.  Tlieir  extivinely  small 
apparent  dimensions  contribute  U)  this  resuU,  bewaring  in  mind  llie 
prixligirnis  distaiiees  at  which  they  lie  from  the  mdur  worhl,^ — dis- 
tanee?*  which  bo  eonaidenddy  wwikeii  the  brightness  of  the  eompouent 
stars. 

It  is  not  thus  witli  the  Milky  Way.  The  light  of  this  immense 
zone  is,  one  might  almost  say,  bright ;  its  extent,  which  embraces 
the  oiitiru  eiremnibrencc  of  the  starry  vault,  and  it  a  breadth,  arc  so 
etmsiderable,  that  it  is  readily  distinguished  at  tlie  first  twfp  t(\t>il, 
whenever  the  aj>pareijt  movement  of  the  heaveiia  brings  it  above  the 
horizon. 

This  last  cireumatanee  (lecurs,  it  is  true,  every  night  of  the  year 
and  m  aU  latitudes;  but  the  llilky  Way  is  ujueh  better  visible  when 
it  rises  to  a  great  heigh t»  and  to  sec  it  beat  we  must,  thcrefbi^>,  ehtx»»e 
certain  epotdis  of  the  year  or  certain  hours  <if  the  night. 

The  general  appearance  of  the  Milky  Way  is  that  of  a  long 
nebulous  train,  wliich  f«dlow8  very  nearly  the  cii\'U inference  of  u 
graiul  circle  of  the  celestial  vault.  First  of  all,  it  may  be  remarktHl, 
that  it  is  dividetl  iut*)  two  principal  bnmches  througliout  nearly  half 
its  entire  length.  IJm  breadth  is  very  vuriable  ;  sometiniivs  it  contract** 
so  as  to  ticeupy  \\u  mtjie  than  six  to  eight  times  the  lunar  diameter, 
at  iJlhers  it  spreuds  oat  to  an  cxteal  four  tiine^  a*  great. 

liefore  otating  what   i^  known  of  the  comiM>sition  and  structure 
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of  this  immense  congregutioii  of  slarH,  let  us  describe  it  as  a  whole, 
noting  tlie  principiil  ctmstrllutioiis  which  it  truverwes  in  both  henii- 
8])hercs.  We  will  aviul  ourselves  for  this  purpose  of  tlie  two 
Plutea  XXXIII  and  XXXIV,  whieh  show  it  us  ft  is  seen  in  u  Bmall 
te]i'se(»pi%  with  the  variations  in  iorni  Miid  brillianey  whieli  its  ditler- 
ent  rum iticut  ions  present. 

The  northern  half  of  the  Milky  Way  extends  from  the  constel- 
lations of  the  Eagle  and  the  Serpent  to  the  Unicorn,  at  theultitado 
(*i\  and  near,  the  bc4t  of  Or-ion,  Dividtd  into  (wo  branehes  from  the 
ICquator  as  far  as  the  Swan,  it  passes  by  Atuir,  antl  traverses  the 
Arrow  and  the  Fox,  besides  the  constellations  before  named.  Near 
the  Swan  a  dark  oixniing  is  observed  in  it,  a  kind  of  gap  through 
wltith  the  sight  plunges  into  the  distant  regions  of  tlie  sky  beyond 
till*  regions  occupied  by  this  zone.  One  branch  is  directed  towards 
the  Litth'  Bear  and  Cepbeiis,  and  it  is  in  this  part  that  it  approaehe8 
nearest  to  the  northern  pole  of  the  heavens.  It  afterwards  bears 
away  under  the  form  of  a  single  and  narrow  branch,  whirh  traverses 
(■assiopea,  passes  by  the  Waggoner  very  near  Caiiella,  borders 
the  ea.stern  porticjn  of  the  Twins,  and  of  the  Little  Uog,  and 
the  Htmthern  portion  of  Orion.  Before  arriving  at  this  point,  a 
brand [  leaves  the  main  [)c>rtion  in  Perseus,  and  stretches  as  far  as 
the  Pleiailes,  where  it  is  lost* 

The  northern  portion  of  the  Milky  Way  presents  the  greatest 
intensity  in  the  Eagle  and  in  the  Swan  ;  in  Perseus  and  near  the 
Uniet»rn,  it  is  the  least  luminous. 

Let  us  now  follow  its  course  through  the  southern  heraisphore. 
Atter  having  crossed  the  Equator  and  passed  Sirius,  it  entei's  the 
Sbi|>,  gradually  increfising  in  brightness;  it  is  then  divided  into 
several  branches  which  extend  fan- like  over  a  large  area,  and  dLs- 
appear  all  at  once,  reappe^aring  fmiher  on  in  the  same  constellation. 

These  branches  are  again  united  in  the  Ceutaur  and  ScMithern 
Cross,  at  a  jioint  where  the  breadth  of  the  Jldky  Way  is  at  its 
niiuimum.  Here  is  the  famous  Coai-Sftcky  a  dark  gap  in  the  form 
oi  a  pear  ;  surrounded  on  every  side  by  the  nebulous  zone,  the  eyo 
can  only  perceive  in  it  one  or  two  stars. 

Very  near  a  Centauri|  the  Galaxy  is  dividetl  anew  into  two 
principid  branches,  witli  numei-ous  ramifications,  and  the  bit\ircation 
coutinues  through  the  Wolf,  the  Altar,  the  Scorpion,  and  Sagit- 
tarius, as  far  as  the  Ser|}ent,  Then  the  two  branches  again  cross 
tlu^  Equator  and  rejoin  the  northern  part  of  (he  Milky  Way*  at  the 
point  where  our  description  began. 

la  this  immense  com^sc,  which  cmbraceti,  as  we  have  said,  a  com- 
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pleto  great  eirelo  ni'  the  (^elcHtial  vjiuIi,  the  giiinmt?r  of  tljo  star- 
cloud  ia  extremdy  viiriiiWe.  Wo  have  nvvn  tluit  \hv  brightest 
pirt  of  the  iiortbtTn  Milky  Way  IB  that  whii-h  tnt verses  the  Eit^le 
and  the  Swan*  In  the  soutlieni  heTnisphore,  the  part  coniprist^l 
hot  ween  the  Ship  and  the  Altar  is  still  mure  reniarkahle.  But, 
as  Huinboldt  hti8  observed,  thei^e  is  a  cirtiumstancc  whicli  still 
more  increaaea  the  magnitlcenee  of  the  Milky  Way  in  ibe  southern 
beTnisphere ;  this  ia  the  vicinity  of  a  long  zone  of  very  brilliant  starB, 
whidi  we  have  already  remarkwl  in  reviewing;  the  constellations, — u 
zone  whieh  Iwgins  at  Sirius  in  Canis  ilajor,  trnverises  tbc  Shi]> 
and  the  beautiful  stars  of  the  Cro«s,  the  Centaur  and  the  Scorpion. 
According  to  an  English  observer,  Captain  Jacob,  the  rising  oi'  tliiw 
portion  of  the  heavens  i^  herLdded  by  a  gencnd  illumination  of 
tlie  sky,  so  dec:idtKl  that  he  compares  it  to  the  light  of  the  new  moon. 

Wlien  the  Milky  Way  is  examincfl  by  the  help  of  telescopes,  it 
m  renolved  into  a  multitude  of  sturs  very  near  together,  but  \cry  irri'- 
gularly  arranged,  Star-clustera  of  irregular  form  art*  espt*cially  very 
numerous;  but  globular  elustera  are  only  f<mnd  in  the  brightest 
jmrtion  of  the  wouthem  zone.  **  If  s<ime  regions,"  8ays  Ifumboldt, 
**  present  large  s|>iice8  where  the  light  18  uniformly  spread,  there 
are  others  where  spaces,  shining  with  very  bright  light  ultt»r- 
nating  with  others  poor  in  stars,  cover  the  sky  with  an  irre- 
gularly Inminous  network.  AW>  find,  ako,  even  in  the  interior 
of  the  Milky  Way,  dark  portions  where  it  is  impmsible  to  discover 
a  «ingle  atar  even  of  the  eighteenth  or  twentieth  magnitudes.  At  the 
sight  of  these  absolutely  void  regions,  it  is  impossible  not  to  lielieve, 
that  the  visual  ray  has  really  penetrated  into  space,  traversing  the 
entire  thickness  of  the  stellar  stratum  which  surrounds  us,'** 

In  many  parts,  this  nebulous  zone  has  lR»en  so  completely  resolvtxl 
Ibat  tlie  stars  appear  projected  on  a  black  ground,  absolutely  de- 
prived of  all  nebulosity.  But  in  other  regions,  a  whitish  glimrniT 
is  still  perceived,  behind  the  stars,  which  shows  that  in  these  direc- 
tions the  Milky  Way  is  really  impeno< ruble. 

We  shall  by-and-by  examine,  what  is,  in  all  probability,  the 
re  al  form  of  tlie  Milky  Way,  and  what  inferences  may  be  drawn 
from  it  as  to  the  general  structure  of  the  visible  Universe. 


*   fTnml>olilt,  '*Cti«f)i<W  vnl.  iii.  p   LMK 


388 


THE  SIDRREAL  SYSTEM. 


XIV. 


PHYSICAL  ANT)  CHEMICAL  CONSTITUTION 
OF  THE  STARS. 


Sri'ARs  are  Suns.  This  is  the  last  verfliet  of  Science  on  the  constitu- 
tion of  these  so  prodigiously  distant  IxKlies.  For  a  long  time  the 
fact  has  been  dawn  in  j^  on  ns,  and  ulrwuly  men  (»f  seienee  Jind  genius 
have  baeed  tin  this  idea  brilliant  researches  on  the  general  structure 
of  the  Universe. 

But  how  could  we  hojie  to  he  able  to  pass  beyond  the  domain 
of  conjecture  in  thin  matter  ?  Were  we  to  imagine  that  optical 
instruments,  refractors,  and  reflectors,  the  construction  of  which 
is  already  so  jx^rfect,  would  acquire  by  new  progress  a  power 
superior  to  that  they  now  possess,  and  penetrate  to  depths  of  space 
a  thousand  timca  more  considerable  than  those  they  already  reach, 
what  woidd  result  ? 

That  many  of  the  suns  nearest  to  us  might  then  be  scrutinized,  at 
200,  GOO,  or  1000  times  the  distance  of  our  Sun  :  tliis  would  be  a 
step  certainly  not  to  be  despised,  but  at  most  we  should  only  be  able 
to  estimate  their  real  dimensions  by  the  measure  of  their  appircnt 
diameters,  ^vhieh  might  then  possibly  become  sensible. 

Fortunately  for  us,  this  ujiexpected,  if  indeed  not  im|x>9sible, 
|>crfection  of  optical  instruments,  is  not  requisite.  Thanks  to  an 
admirable  method  of  analysis,  which  enables  us  to  uflirm  hy  ob- 
servation of  a  luminous  spectrum  the  presence  or  absence  of  certain 
substances  in  the  light -source,^ — in  a  word,  thanks  to  .npafntm 
amtii/siH,  we  are  now  able  to  8ay,  that  such  and  such  a  metal,  as 
iron,  coppcT,  or  mercury,  exists  in  a  certain  star;  that  another 
contains  sodium  or  manganese.  Already  have  we  discovered,  in 
Sirius,  Aldcbaran,  a  Orionis»  Vega,  and  others,  the  presence  of 
many  suhsttmres  known  in  our  world,  and  of  others  with  which   we 
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are  not  aequaiiited ;  aiul  this  new  branch  of  astronomy  promises  the 
iito«t  interesting  and  abundant  hurvest. 

In  presence  of  aueh  uHtooiyhing  conquests  of  Kt:ieuee,  we  do  ni>t 
know  truly  which  to  admire  the  moat,  the  niugnihcent  chain  of 
natural  phenomena  which  enables  us  to  conclude  from  one  fact, 
actual  or  present,  another  fact  past  or  future,  of  which  the  theatre 
is,  as  it  were,  at  an  infinite  distance  ;  or  the  power  of  penetration 
of  the  human  mind  which  patiently  seizes  each  link  in  the  chain  i*f 
facts,  and  connects  the  most  distant  and  the  moat  invisible  with  those 
which  arc  at  our  very  doors. 

[Let  u«  endeavour  to  give  an  idea  of  this  branch  of  reeearch,  and 
of  the  progress  already  made.  We  have  already  referreil,  in  our 
Chapter  on  the  Sun,  to  the  solar  8p<?€trum,  which  was  familiar  to 
man's  gtize  in  the  rainbow,  that  child  of  showers  and  rain-drops, 
long  before  Philosophy  claimed  it  or  utilised  its  teachings.  What 
nature  does  by  means  of  a  rain-drop,  phy-^ieists  aecomplissh  by  metms 
of  a  prism ;  and  the  first  teaching  of  the  prisiti  was,  that  a  beam  of 
b'ght  is  not  a  single  thing,  but  a  bundle  of  things,  called  rays,  each 
w4th  its  own  sjiccial  mission,  as  if  each  had  a  master  of  its  own, 
and  had  a  diflerent  tale  to  tell  or  note  to  sing.  And  so  it  has. 
Let  all  the  rays  in  a  sunbeam  sing  In  chorus,  and  the  chord  which 
falls  on  our  eye,  as  sound  would  fall  on  our  ear,  is  icliik.  Now,  let 
the  beam  be  sent  through  the  prism ^  and  let  the  latter  work  its  spell ; 
the  chord  has  vanished.  In  place  of  it  we  tind  each  ray  with  a 
coloured  note,  and  we  may  liken  the  ghvrious  coloured  bund,  which 
we  call  the  solar  spectrum,  to  the  key-boai'd  of  an  organ ;  each  ray 
a  note,  each  variation  in  colour  a  variation  in  pitch ;  and  as  there 
are  soimcis  in  nature  which  we  cannot  hear,  so  there  are  rays  in 
the  sunbeam  too  subtle  for  our  eyes. 

But  observe  the  spectrum  of  the  sunbeam  more  closely ;  thei'o 
are  gaps,  which  we  may  liken  tcj  silent  notes.  How  is  this  ?  Let 
us  try  an  experiment ;  let  us  light  a  match,  or  anything  which 
burns  white,  and  observe  its  sjjectrum.  It  is  conHtfHonJij  that  is, 
from  reddest  red,  through  the  whole  gamut  of  colour,  to  the  visible 
limit  of  the  violet,  each  ray  accomplishes  its  spe**ial  mission,  tells 
its  tale  and  sings  its  song.  There  are  no  silent  notes,  no  dark 
lines  breaking  up  the  band. 

Let  us  try  another  experiment.  Let  us  burn  something  which 
docs  not  burn  white,  some  of  the  metals  will  answer  our  pmpost?. 
We  see  at  once  by  the  brilliant  colours  that  fall  upiui  our  eye  from 
the  vivid  flame,  that  a  different  chord  is  struck  ;  but  let  the  prism 
work  again  its  spell,  and  tell  us  the  notes. 


'm) 
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This  time  we  sball  find,  Tif>t  only  that  the  apectnim  is  not  con- 
ttiiufjus,  but  that  the  ehortl  (^onsi^tn  perehuuco  of  only  two,  three, 
four,  or  more  mt</k  ftofrs,  as  if  on  an  organ ^  instead  tif  striking  down 
all  the  keys,  we  but  soundwl  one  or  two  notes  in  tlic  base,  tenor, 
or  treble. 

Again,  let  ns  try  still  another  experiment.  Let  ns  so  arrange 
mir  prism,  that  while  a  simheam  is  dcfoniiKjsed  by  its  upper  portion, 
a  beam  proeetxling  from  such  a  light- source  as  sodium,  iron,  nickel, 
cf>pper,  or  zinc,  may  Ix*  decomposed  by  the  lower  one.  We  sliull 
iind  \n  each  case,  that  when  the  In'fjifi  Hmf^  of  which  the  spectrum  of 
ilie  metals  consists  flusli  liefore  our  eyes,  they  will  occupy  absolutely 
Ujc  same  ixisitionR  in  the  lower  spectrum  as  some  of  the  dftrk  band^^  the 
silent  notesj  do,  in  the  upi>er  sfjlar  one. 

Here,  tlien,  is  the  germ  of  Kirchhoff'a  discovery,  on  which  his 
fiypothesis  of  the  physical  constitution  of  the  Sun  is  kisc^l ;  here  it* 
the  secret  of  the  recent  additions  to  our  knowledge  of  the  stars^  for 
stars  are  suns,  and  Nature's  laws  are  the  same  for  all. 

VttjmnrH  of  tmfa/s  and  gmes  absorb  those  ratjH  which  t/ie  mme  meUUs 
and  ijimx  fhvmaeh'eH  emit. 

We  are  now  in  a  position  to  inquii'e,  what  has  become  of  those 
rays,  which  the  dark  lines  in  the  solar  spectrum  tell  us  are  wanting — 
tfiosc  rays  which  were  arrested  in  their  path,  and  pre%*entCKl  from 
hearing  their  message  to  us.  Before  they  left  the  regiona  of  c>ur 
mc4indescent  Sun,  thetj  were  arrested  by  those  particular  metaiih  tapours 
in  hiH  titmofiphvre^  with  which  fhef/  beat  in  inmon  ;  and  our  assertion,  that 
this  and  that  metal  exists  in  a  state  of  vapour  in  the  Sun*s  atmosphere, 
is  biised  upon  their  non-arrival ;  for  so  marked,  various,  and  constant 
are  the  positions  of  the  bright  bands  in  the  spectra  we  can  observe 
liei'c,  and  so  entirely  do  they  correspond  with  certain  dark  bands  of 
(he  8pcH?.trum  of  the  Sun,  that  it  can  be  affirmed,  that  the  chances 
iigainst  the  h^T>othesia  being  right  are  something  like  300,000,000 
to  L 

Sf/  nmch  ibr  the  Sim.  Fraunhofer  was  the  first  to  apply  this 
metliod  to  the  stars ;  and  we  have  lately  reaped  a  rich  harvest  iff 
llicts,  in  the  actual  mapping  down  of  the  spectra  of  several  of  the 
brightest  stars,  and  the  examination  more  or  less  cursory  of  a 
very  large  number.  In  all,  the  plan  of  structure  has  been  found 
to  be  the  same;  in  all  we  find  an  atmosphere  sifting  out  the 
rays,  which  beat  in  unison  i^^th  the  metallic  and  gaseous  vai>i>ura 
which  it  contains,  and  sending  to  us  the  residuum,  a  broken  specti-um 
iibouadiiig  in  fhirk  spaces,  liut  bow  eloquent  is  silence  sfmiethnes! 
VVlio  wtjaltl   ihiuk,   tluit    in  those  gups   would  lie  the  secret  of  the 
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pliysical  constitution  of  distant  worlds,  and  detailed  mformation  as  to 
tlieir  constituent  materials  ! 

Let  us  see  wliat  Dr.  Miller  and  Mr;  Huf^gina,  two  of  the  latest 
labourers  in  the  field,  can  tell  us. 

Take  the  spectrum  of  Aldebaran»  for  instance;  the  coineident:e  of 
the  hrinplit  band^i  of  light  given  out  by  »o<lium,  magnesium,  hydrogen^ 
enlcinm,  iron,  bismuth,  telliu-iimij  antimony,  and  mercury,  with  diirk 
lines  in  the  solar  spectrum,  has  been  proved,  seven  other  elements 
being-  tried  and  rejet^tl^d.  In  Betelgeuse,  the  coincidence  of  sodium, 
magneaiuui,  cah-iutn,  iron,  and  bisrauth,  has  bc^en  proved. 

The  seventy  or  eighty  lines  already  meitsured  and  mapped  in 
each  of  these  stars,  represent  some  of  the  stronger  only  of  the  nu- 
merous lines  which  are  seen  in  their  spectra.  Already  we  ore 
beginning  to  think,  that  in  the  spectra  of  the  stars  the  chemist  is 
intrmtuced  to  many  new  elements. 

It  has  been  mentioned  as  a  very  suggestive  fact,  that  the  lines  of 
hydrogen  corresponding  with  C  and  F  of  the  solar  spectrum  are 
wanting  iii  the  spectni  of  a  Orionie  and  3  Pegasi,  and  in  these  two 
stars  only,  out  of  more  than  fifty  stars  examined. 

^  Pagasi  contains  sodium,  magnesium,  perliaps  barium, 
Sirius  p^         Bodiumj  magnesium,  iron,  hydrogen. 

Yega  ^         sodium,  magnesium,  iron. 

Pollti3£         „         sodium,  magnesium,  iron. 

How  forcibly  are  we  here  reminded  of  that  gigantic  query  of  the 
immortal  Newton,  **  Are  not  the  Sun  and  stars  great  earths  vehe- 
mently hot  P "  for  surely  a  Orionis,  with  its  atmosphere  containing 
tive  of  our  elements,  and  Aldebaran,  with  niuo,  cannot  be  vastly  dif- 
i'erent  in  constitution  from  our  Sun,  the  atmosphere  of  which  cou- 
tains  ten^posaibly  fourteen — according  to  our  present  knowledge.* 

We  have  also,  as  has  been  pointed  out  by  the  observers  wo 
have  named,  pretty  certain  proof  of  the  idea  "which  has  long 
been  floating  in  many  minds  as  to  the  cause  of  the  colours  of 
the  stars,  though  their  variability  in  colour,  which  has  lately  been 
80    strongly    insisted    upon,   is  still    to   be   explained.      They   re- 

*  mjaiEiiTO  m  the  bun. 


Sodium. 
Iron. 

Copper. 
^Zinc. 

Cobalt,  doubtful. 
Stroutium    „ 

Hydrogen. 

ilagaesium. 

Barium. 

Calcium. 

Chromium. 

Nickel 

Cadmium      „ 
Potassium,  probably  not. 

The  above  according  to  KirchhofT,  except  Hjdrogeu. 
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murk  :^**  As  spectrum-unulysi^  shows  tliut  eertaiu  nf  tlio  \uwi^ 
of  U^nTwtrtal  physirs  tJilaiii  in  tlie  Stiti  imd  hIufs,  fhuri'  ran  be 
Httk'  doubt  that  thr  inmiwliate  source  ol'  f^olar  and  stoflur  li^^^ht  iiiiist 
he  solid  or  liquid  matter  niaintainecl  in  an  intensely  incandeacont 
rttatt%  a.s  the  result  of  an  execcdintjfly  high  temperature.  For  it  is 
from  Bueh  a  souree  alone  that  we  can  produee  light,  even  in  a  feeble 
de*^ee  comparable  i^dth  that  of  the  8un,  As  the  continuous  spectrum 
of  the  light  from  incandescont  solid  and  liquid  bo<lies  appears  to 
be  connected  with  the  state  of  solidity  or  liquidity,  and  not  with  the 
ebomical  natmi'  of  the  body,  it  is  highly  probable  that  the  lights 
when  first  emitted  Irom  the  photospheres  of  the  Sun  and  stars,  should 
he  in  aU  eases  identical*  i/te  diffprenL-eH  of  eohtfr  depending  upon  the 
(iiffrfemea  of  coimiitution  of  the  wrestinff  uimmphen^  and  these  again 
intimately  conneeted  with  the  ehemical  constitution  of  the  stars. 
The  light  of  the  stars  ivill  vary  in  consequence  of  the  loss  of  differ- 
ent rays.  For,  in  proportion  as  the  dark  lines  occur  more  largely, 
or  are  more  intense,  in  particular  parts  of  the  spectrum,  so  will  those 
colours  be  weaker,  and  the  colours  of  the  other  rcfmngibilitics  will 
1'  < p la  1  ly  predomii  lu t c . ' ' 

Tliis,  however,  is  but  one  of  the  sides  of  the  inquiry.  We  are  now 
famished  with  many  others.  Thus,  for  instance,  we  must  for  the 
futare  look  ujjon  a  (Jrionis  and  ^  Pcgasi  as  worlds  without  hydrogen  ! 
wliile,  probably,  the  atmosphere  of  Sirius  is  more  charged  with 
vapours  than  is  that  of  our  Sun. 

These  td>servations,  as  a  whole,  show  that  the  stars  differ  from 
each  other  and  from  oui'  Sun,  only  by  the  lower  order  of  differences 
of  sjR'^cial  modification,  and  not  by  the  more  important  differences 
cd"  distinct  plans  of  structure.  There  is,  thereibre,  a  probability  that 
they  fultil  an  analogous  purpose ;  and  are,  like  our  Sun,  suiTounded 
with  ]ilanets,  which,  by  their  attraction,  they  uphold,  and,  by  their 
ratliation,  illumimtte  and  energize.  It  is  reniarkable  that  the  ele* 
nicnts  most  widely  ditfused  through  the  host  of  stnrs  nve  some  of 
those  most  closely  conntHL'ted  \\i\\\  the  constitution  of  the  living  or- 
gjinisms  of  our  globe,  including  hydrogen,  sodium,  magnesium,  and 
iron.] 


BOOK  THE   SECOND. 


THE  NEDULJ;. 


[One  of  the  most  important  discoveries  of  modem  times  haa  been 
tliut  which  han  furnished  evidence  of  a  iiict,  loo^  ugo  conjectured  by 
the  master  minds  among  ua,  nuniely,  that  Nvbuk^  are  something  dil- 
ferent.  from  masses  of  stars,  and  that  their  chnid-like  appearance  m  to 
be  ascribed  to  something  besides  their  possible  distanees,  and  the  still 
comparatively  small  optical  means  one  can  bring  to  bear  upon  them. 
The  discovery  is  still  yorei^ent,  that  there  has  not  yet  been  time  to  sort 
out  the  real  from  the  apparent  nebula;.  But  we  are,  at  oil  events, 
justified  for  the  purpose  of  our  present  sketeh^  in  aeeepting  as  tifhtfim 
ever}^thing  hitherto  classed  as  such,  although  it  is  nearly  certain  that 
the  powerful  means  of  different  iation  which  spec tmm-analyaiB  has  now 
placed  at  our  command  will  place  many  of  them  in  the  categ<>ry  of 
distant  star- clusters,  if,  indeed,  it  does  not  in  time  indicate  a  tran- 
sitional state.] 

If  we  examine  the  space  in  Andromeda,  which  separates  the 
square  of  Pegasus  from  Cassiopea,  we  shall  readily  perceive,  a  little 
lielow  the  line  which  joins  these  two  constellations,  a  luminous  mass  — 
a  little  whitish  cloud  of  elongated  form,  in  which  the  eye  cannot 
distinguish  any  stars. 

If  we  employ  a  telescope  even  of  great  power,  the  form  becomes 
more  defined,  and  the  oviJ  set^ms  more  decided,  but  the  soft  and  pile 
glimmer  of  this  little  celestial  cluud  retains  its  nebulous  appeai'ance, 
and  there  is  still  no  trace  of  a  star. 

This  is  a  nebula,  well  known  imder  the  name  of  the  Great 
Nebula  in  Andromeda.* 


♦  Simon  Marius,  or  Mayer,  observed  antj  described  tlus  nebula  in  1(}12,  It 
w*8  the  first  which  attractetl  the  serioufn  attention  of  astmnomcra.  Forty- foiu* 
yoftrs  later^  Hujghcns  discovered  the  great  nebula  which  surrounda  the  sextuple 
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The  celestial  spaces  are  strewn  i^^tli  a  multitude  of  similar  objects, 
varied  in  dimension,  brightness,  and  form.  All  have  received,  on 
account  of  the  cloudy  appearance  which  they  offer  at  tirst  sight, 
the  name  of  Nehulm,  A  very  limited  number  are  visible  to  the 
naked  eye,  a  circunLstance  exj^lained  by  the  smallnesa  of  their  ap- 
parent dimensions,  the  feebleness  of  their  light,  and  in  some  cases  the 
vicinity  of  rehitively  bright  stars.  In  the  tolcscope  they  appear  by 
thousands ;  more  than  5000  are  now  known ;  and  this  number  in- 
creases in  proportion  as  the  different  regions  of  the  sky  are  explored 
with  more  powerful  instruments. 

The  question,  What  are  the  nebulcc  ?  has  long  been  asked.  Were 
they  agglomerations  of  diffused  matter  ?  celestial  luminous  clouds  ? 
or  were  they  groups  of  condenscMi  stars,  which  extreme  distance 
rendered  separately  invisible? 

When  studying  the  natural  groups  of  stars,  such  as  the  Pleiades, 
we  remarked  that  some  eyes  only  distinguish  a  confused  glimmer. 
To  such,  the  Pleiades  put  on  the  appearance  of  a  nebula — a  cir* 
cumstance  repr<:>duced  in  the  case  of  a  great  many  clusters,  which, 
where  the  best  eyes  only  distinguish  an  ill-defined  luminous  mass, 
are  transfonned,  as  we  have  seen,  by  telescopes  into  a  midtitude  of 
distinct  stars. 

Ilence,  in  the  old  classification,  the  first  class  of  nebulae  comprised 
the  star-clusters*  Astronomers  gave  this  name  to  all  nebulosities, 
which  telescopes  entirely  separated  into  stars. 

A  second  class  comprised  those  partially  separate  into  stellar 
points,  but  in  which  some  portion  resisted  resolution. 

Lastly  come  the  nebula?,  properly  so  called,  in  which  the  most 
powerful  telescopes  distinguislied  no  stars. 

But  this  classification  was  held  to  be  quite  relative,  and  depending 
entirely  on  the  optical  power  of  the  instrument,  the  sight  of  the 
observer,  and  purity  of  the  sky  at  the  time  of  observation. 

[This  was  true  in  the  main,  and  still  remains  so  ;  but,  as  we  shall 
see  by-and-by,  wo  now  recognise  in  the  nebulto  pro|>er  a  distinct 
physical  coiiBtiiution.] 

Before  commencing  our  detailed  description  of  the  nebulae,  let  us 
say  a  word  on  their  distribution  over  the  starrj"^  vault.  This  is  very 
unequal  in  the  northern  hemisphere,  and  in  those  parts  of  the  southern 
one  visible  in  the  northern  temperate  zone. 

star  t  Orion  is ;  sIdc^s  that  period,  and  especiftlly  since  tho  end  of  the  oigliteenth 
ct*ntur)%  the  catalogues  of  iiclnilnD  have  l>ceii  enriched  with  numerous  obaervtt- 
tions,  aud  a  complete  hmxtch  of  oHtn momy  has  been  devoloi^ed. 
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The  greatest  number  is  found  in  a  zone  which  scarcely  embraces 
the  eighth  part  of  the  heavens.  The  constellations  of  the  Lion,  the 
Great  Bear,  the  GirafTe,  and  the  Dragon,  those  of  Bootes,  Berenice's 
Hair,  and  the  Hunting  Dogs,  but  principally  the  Virgin,  form  this 
zone,  which  extends  as  far  as  the  middle  of  the  Centaur  ;  it  is  known 
under  the  name  of  the  nebulous  region  of  Virgo. 

Nearly  at  the  opposite  pole  of  the  sky,  another  agglomeration  of 
nebulae  embraces  Andromeda,  Pegasus,  and  the  Fishes,  and  extends 
lower  than  the  first-named  constellation,  into  the  southern  heavens. 

It  is  noteworthy  that  the  regions  nearest  the  Milky  Way  are  the 
poorest  in  nebulae,  whilst  the  two  richest  regions  lie  at  the  two  poles 
of  that  great  belt  in  which  the  stars  are  so  numerous  and  condensed. 
The  nebulae  are  more  imiformly  spread  over  the  zone  which  sur- 
rounds the  South  Pole;  they  are  at  the  same  time  much  less 
numerous.  On  the  other  hand,  there  are  two  magnificent  regions 
there,  which  alone  contain  nearly  400  nebulae  and  star-clusters. 


:j:HJ 
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NEBULA  OF  REGULAE  FORM. 


CJiruulan  Elliptical,  Annular,  and  Spiral  Nebulao  —  Annular  Nebula  in  Ljra — 
Spiral  Nebulte  in  Canes  Venatici,  Virgo,  and  Leo. 


The  forms,  apparent  dimensions,  and  intensity  of  the  light  of 
nebula^,  arc  extremely  varied.  The  very  dilierent  distiince^,  doubt- 
less, by  which  they  are  removed  frora  usy  have  something  to  do  i^ith 
these  appearances;  but  it  is  probable  also  that  their  real  struetaire 
and  dimenwiona,  and  the  state  and  temijeruture  of  the  matter  of  whieh 
they  are  formed,  also  influence  their  apparent  characters.  In  the 
present  transitional  state  of  our  knowled{i^e»  all  classitication  h  purely 
arbitrary,  and  it  will  be  understood  that  its  only  object  is  to  infuse 
a  little  order  into  oxa-  inventory.  Wo  sball  then  be  guided  in  our 
description  by  the  apparent  forms  assumed  by  the  nebidee ;  and  we 
will  begin  with  the  nebulie  of  regular  shape. 

The  round,  globidar,  or  spherical  form  is  very  frequent.  It  may 
possibly  be  found  that,  in  many  easetii,  the  nebula:i  which  affect  these 
api>eiirances  are  nothing  else  than  star- clusters ;  their  immense  dis- 
tances, or  the  extreme  smallness  of  the  8tara  which  compose  them, 
may  prevent  our  distinguishing  separately  the  limiinong  points, 
which,  even  in  the  most  powerful  telescopes,  only  present  a  confused 
phosphorescent  glinnner.  Gretit  probability  is  lent  to  this  hj'jKi- 
thesie,  as  we  have  before  hinted,  by  the  fact,  that  each  new  triumph 
of  optical  flkill  results  in  a  resolution  of  some  nebulae,  before  irre- 
ducible, and  helps  us  at  the  same  time  to  discover  new  nebidm,  at 
greater  depths  of  space. 

Fig.  151  gives  some  examples  of  circular  and  oval  nebulas^  chosen 
from  a  numerous  collection  of  siiidlar  objects.  The  pcrl^tly  roundetl 
ibrm  of  some  is  seen  to  pass,  by  imperceptible  gradations,    to   the 
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most  elongated  ellipssies,  at  last  upproximating  ta  u  straight  line. 
Near  the  centre  of  some  of  these  nebulae  a  marked  eondensiation 
of  light  m  also  noticed,  which  indicators  an  analogy  with  the  spherical 
»tar-elusters.  In  some  glohiilar  nebuke,  the  brightness  dues  nut  in- 
crease in  a  continuoua  manner  from  the  circumference  to  the  centre; 
the  gradation  is  rephiced  by  concentrical  strata,  analogous  to  thuse 
which  we  noticed  in  the  cluster  in  Touciin,  This  circumstance  affords 
another  point  qf  resemblance  between  the  resolved  globular  clustem, 
and  the  nebulse  of  the  same  form. 


Fig.  ISL— Ncbulio  of  circuLw  and  oiiU  forms,    (Sir  J,  HcTBchcl) 

The  oval  fonn  probably  behrngs  to  very  flattened  condensations 
presented  to  us  edgewise,  the  degree  of  flit t toning  being  attrihutefl 
either  to  their  real  form,  or  to  an  inclinaliun  more  or  less  decided 
towards  the  region  of  the  sky  which  oar  system  occupies.  Among 
the  nebulce  of  round  or  oval  form,  there  arc  only  a  few  which 
present  another  very  peculiar  and  curious  structure  j  we  refer  to 
the  annular  or  pcrf'o rated  nebidic. 

One  very  interesting  exfimple  is  situidcd  in  the  c(msteUation  of 
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the  Lyre,  not  far  from  Vega,  between  the  two  stars  $  and  7  of  that 

ccmatelktion.  A  nobuloua  ring  of  oval  form  surrouiidK  a  darkiT 
spocOj  the  pale  imifonnly  spreM  glimmer  of  whirh  resembles  a  **  light 
gauze  "  stretched  across  the  ring.  Such  m  the  appeiirance  whieh  this 
fiinf^ular  object  at  first  presented  (fig.  loM,  1)* 

Lord  Rosse's  telescope  has  since  purtially  resolvc^d  the  ring  into 
luminous  points,  and  has  shown  parallel  lines  in  the  opening,  the 
exterior  borders  are  also  stellated  with  fringOB  (fig.  152,  2), 

We  reproduce  here,  from  the  drawings  of  8ir  J.  Ilerschel, 
two  other  annular  nebula%  one  oval,  the  other  round.  The  first 
(fig,  152,  3),  which  is  very  similar  to  the  nebula  in  LjTa,  is  situated 


1.  In  tyraCSlr  J.  HofBcliel).      2.  Tln'<n.,.    lirl  H..H«t'),      -4.  Anmilar  nobiiKi  iu  CygnUi^      4.  In 

between  the  eonwteliations  of  the  Swan  and  the  Fox;  the  second, 
(fig.  153,  4)  in  Ophiuchus. 

The  oval  form  of  the  ring  is  already  decided  in  the  nebula 
numl>ered  5,  which  preeentsi,  moreover,  a  singidarity  wbicli  we  shall 
again  soon  meet  with ;  two  stars  are  situated  on  the  ring,  at  the 
extremities  of  its  smallest  diameter.  But,  in  an  annular  nebula 
(fig,  15'i,  6),  near  the  beautiful  triple  star  7  Aiidromedic,  the  ring  it^ 
exct^ssively  elongated,  and  two  stars  are  there  also  ^sym metrical  11  y 
placed,  only  this  time  it  is  at  the  extremity  of  the  major  axis  of 
the  ellipse. 

This  regularity  in  the  I'nrms  of  a  great  rnnaher  r»f  iiebidie  is 
doubtless    apparent    only.      It    partly    disap]}ea rs    when    tliey   are 


Again,  always  bearing  in  niind  that  the  classification  which  wc 
have  adopted  is  an  arbitrary  one,  we  may  rank  among  the  rt^g^ular 
nebuloD  those  which  aflect  the  conical,  or  parabolic  form,  similar  In 
that  of  some  comets.  We  give  hero  (fig.  153)  three  examples  of  tliefte 
nebulaj,  the  form  of  which  is  analogous  to   some  star-clusters,  for 


F<   1:4  —  NeLuhiiu  Ar^TX    (Sit  J   nen?cbcl  ) 

example,  the  cluster  numl>ere<l  G   in   Plate  XXXII,  which  &bowB 
the  same  luminous  conrentnition  at  the  apex. 

Here,  again,  is  a  lU'bulu  (tig,  154),  which  by  its  widening  form 
approaches  the  cometary  nel)idn,  but  which  seems  to  suggest  at  ibe 
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same  time,  by  its  dngTilar  outline,  the  tirst  approaeli  to  a  Mpiml 
nebulu. 

In  all  the  nebiihe  which  we  have  examined,  the  regukrity  of 
form  is  manifested  bj  a  &ymmetry,  such  that  eaeh  object  is  di\ided 
into  two  equal  parts  by  its  axis.  But  it  in  impoiiant  to  insist  on 
the  fact  that  this  reguhirity  often  disuppears  when  nptieal  instru- 
ments of  greater  illuminating  power  show  the  ditfereiit  portions  witb 
more  clearness.  It  is  often  snrpriHing  to  see  u  nebula  thus  trans- 
^<»nned  to  the  eye  in  a  most  complete  manner.  In  iin  example  is  this 
ehange  of  form  so  deeided  as  in  the  nebula  in  Canes  Venutici, 

liet  us  look  ut  the  following  figure. 

We  see,  at  the  centre  of  a  ring,  double  throughout  lialf  its  eon- 
knir,  a  bright,  globular  nebula,  accompanied  by  a  smaller  nebulosily 


Fig.  165.— Nfliila  Lu  Caiifr-i  Vuiialki.    (Sir  J.  i  Ivi  -i'  l.ul  ) 


of  round  form  situate  outside  the  ring  and  at  some  distunes? 
away.  It  was  under  this  form  that  it  was  first  seen  and  drawn  by 
Sir  J.  Ilersc^hel  (tig.  155), 

Observed  later  by  Lord  Rosse,  with  the  help  of  his  magnificent 
telescope,  the  same  nebula  wji,*^  presented  uoder  a  form  of  wouflerfnl 
strangeness  (fig.  I5f)).  Brilliant  spiralH,  unequally  luminous,  and 
overatrewn  with  a  muIHtude  of  stars,  diverge  from  the  centre,  and 
become  separated  one  from  the  other  more  and  more  as  they  rece*Ie 
from  it,  at  lust  l>eing  lost  in  a  direction  common  to  all.  The 
exterif*r  filaments  of  this  pro<ligious  spiral  of  stars  join  the  smaller 
exterior  globular  nebula,  which  at  first  appeurc^I  isolated  from  the 
ring. 

Lastly,    according  to  the  most  recent  obsLTvatioub  of  31.  Cha- 
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dimonsioTis  of  this  immense  system  by  assuming  a  prtihalile  dist[in<*r 
for  the  atoms  of  this  star-diiHteis^  We  are  starthMl  at  the  deplli  of 
the  abysses  into  which  tbfe  human  gaze  phmgis,  What  strange  forees 
btt%'e  produrcKl  this  hurneani*  of  mutttT  — ])er]iapN  of  suns  ?  Is  the 
spinil  the  original  form  of  those  guRi^oiis  mutUTs,  tlie  t'ondeosiihon  oi' 

n  I* 


Fig  157.— S]Hfmi  uebuU  in  Yn-fft\    (Tjord  lV«aeO 

The  spiruloid  form  in  not  confined  to  the  nehiihi  we  have  de- 
HcribecL  It  \h  tpiite  as  elearly  detinod  in  the  iiebuhi  in  Virgo 
representetl  hi  tig  157.  The  luminous  branches  of  this  spiral,  four 
ill  number,  are  cJcarly  scpnnitrd  by  dark  iutervuls,  juid  divided 
besides  liy  tUirker  spirals,  which  indicate  strings  of  matter  less 
condensed.  All  diverge  from  a  central  nucleus  where  a  much  more 
decifkHl  Hglit  iiidirates  a  powerful  concentration. 

Tlie  nioubcr  oi'  uebuki'  in  which  the  spirak)id  form  is  observed 
was  al  first  rather  suialk      ]iut  in  projMjrtion  us  the  sky  is  explored 
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by  more  powerful  iiiatruraents  the  iiyml>er  hus  imn'uscd.  In  iIr' 
important  memoir,  publiHlied  by  Lnnl  Rosse  in  IHOl,*  we  have 
noted  forty  spiral  nebulae,   mid  thirty  mnre   in  which  this  I'uriii  is 

8U«J)ecttJtL 

In  a  nL*bida  of  the  northern  heuvens,  ssituated  uii  the  confines 
of  the  Great  Bear  and  of  Bootei*,  the  centre  is  like  a  liirge  (^lobuhir 
nebula  with  a  very  marked  eondenwation,  whence  radiate  branebett 
arranged  in  the  form  of  spirals.  In  several  pfnnts  of  these  branchea 
other  centres  of  eondensation  are  notic  e<h  8ir  J.  Hersehel  had  elassed. 
this  among  the  nebulae  of  rounded  globnlar  form,  doubt k\ss  because 


Firf.  K»S— Spikiil  iKii.iij;i     CF.-inl  lf..s^-  )       J.  uru,*_.  1 -nil,    -J.  oMVj^Mhus. 

the  central  nebulusity  was  thi*  laily  tnie  revealnl  by  his  telesfojK , 
Some  few  stars  are  scatiercfl  here  and  there  on  the  ground  wiiirb 
it  occupies.  In  the  two  nebule  in  fig*  158,  which  are  sitimted»  I  lie 
first  in  the  Lion,  the  second  in  Pegtisus,  the  spiraloid  furm  is  \vsh 
docirh^.  The  spirals  approach  Tiearer  to  an  tdliptieal  ionn  and  aro 
etiveloped  one  in  the  nlher. 


♦  "On  the  t'onstruutma  of  Specula  of  Six-feet  Aperture;  and  a  Selection 
from  the  Obacrvfttious  of  Nebulas  made  with  thum  " — P/aV.  Ti*an».  18fj2, 
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Besides  these  re^ukr  itggregutinii!4,  ihxnv  itio  otlier  hir|^e  nebulmis 
mtLH8e«  which  afiVH^t  the  lanst  varioua  tliriiis^  completely  n'TutAiHl  ihmi 
all  synnnetrirul  appearuiiee.  But  nuvh  is  thr  vsirit'Iy,  suvh  the 
richne.HH  fif  tliese  systertit*,  that  we  vm\  puww  iVrnii  tlu^  mbuliu  of 
»pherieiil  imm  t*»  utliers,  the  most  ^tztmr  and  irre;^ulur;  hy  every 
i  nint^'iriable  t^niiliit  i«  in. 

Let  us  examine  the  glimmer  of  lengthened  oval  form  represent t4 
in  tig.  159. 


Fig.  t«0.— Nebula  iti  AudmtDeaA.    (6.  P.  Bond  ) 


The  condensation  of  light  noticed  at  its  centre  makes  it  resemhle, 
uecording  to  the  expression  of  the  first  observer — Simon  Murius. 
**  the  flame  of  a  cimdle  scn^n  tbroii<^h  a  leaf  of  transparent  born,'* 
It  is  the  nebula  of  Andromeda,  which  we  have  already  mentioned. 
Its  symmetrical  torm,  which  caused  it  to  be  once  elaasefl  among  the 
regular  nebula%  has  distippeared  in  the  ix>werful  refnietor  of  Cam- 
bridge, U.S,  (tig.  16(J).  The  nebulous  masses  which  eomp<>&e  it 
have  boeu  found  to  be  separated  by  two  long  canals,  and  it  has  been 


o(  Ivnninoiis    etmtleiis-atiuii,    several    ext^eiitriruUy    Nituutrtl    uikv    Le 

iiotii't'd. 

Aiiotlier  m1>uUi  of  ellip- 
tii'ti]  fnnn  sitimtcd  in  tlio 
luiistilliitioii  Leo,  and  reprc- 
seiitf<l  in  the  dnnring  (fig. 
Jr>l  7),  iKs  seen  by  Sir  J,  II(t* 
sehi'l,  has  been  uli.serveil  in  ti 
different  faim  (fig.  101)  in 
Lnrd  llnsse'«  teleseope ;  tlie 
eenfral  nucleus  is  eonipimcHl  nf 
envelcipeK  wbieh  take  an  amiu- 
lar  spiral  fornx,  and  the  ex- 
tremities of  the  oval  are  marked 
l>y  lunuMuim  Htrid'  ]daetd  an 
each  aide  of  the  axis,  like  the 

.bdlucl-ulM      (f^ii  .1    lkE-L),e»  )  .111  ^     \ .    1 

V(Ttebral  eolunni  of  a  fijsh. 
Lsistly,  another  remarkaljle  example  uf  these  optieid  trant^foiin- 
ationw,  purely   apparent,  ax  they  only  d<']w^nd  on    I  he   jFuvver  of  the 
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intitniinentB,  is  iimiisbwi  by  a  HchuUi  sitiuik^d  in  flir  uuiistellutiou 
ViilpcculiK  Sir  J,  IltTHdiel,  to  wbi)iii  wi*  owe  tht?  iirsi  drawing  of 
this  nebula  (Hj^.  UV2)  gave  it  tbo  imiiie  oi' the  *^  Ihmib-bell/' 

Two  luBiinoiis  111U880S,  synuuotri rally  plaetxl  and  bound  together 
by  a  nither  short  neck,  the  whole  surroundiMl  with  a  li^dit  nebulous 
envelope  of  ovul  Ibriu,  gave  it  a  very  njiirfced  appearance  of  regn- 
larity.     This  aspect  was,  however,  modified  by  Lord   Eo8se*8    tele- 


Wiff.  im  — lUimh  lull  uvUuli.    {U^M  Rf«a*e.) 


Hcope  of  three- fw^t  aperture,  and  the  nebulous  masses  showed  a 
(lec'ided  tendency  to  resolvability.  Later  still,  %vith  the  six-feet 
teleseope^  nmuerotis  stars  were  obser%*ed  standing  out,  however,  oil 
u  nebulous  ground.  The  general  aspect  retains  its  primitive  shape, 
less  regular,  but  striking  neve^theles^^  (tig.  163.) 

The  irregular  nebulaD  are  sometimes  presentetl  under  the  most 
fanta«tie  tonus,  S*>niotimos  they  affect  long  va|x>rous  trains,  whieli 
here  and  there  send  out  their  bmnches ;  sometimes  these  sbaj^je-s  are 
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fiixartr  in  tlie  extrtuiie,  Such  is  the  iiobula  hi  Sobietfki's  Shield. 
All  elliptical  pi)rti*>n  is  termiiuitcd  hy  Iwii  upiM^ndages,  otic  i*f  wluth 
18  nearly  reetilmear,  and  give.s  it  the  ihna  of  the  Greek  capital 
letter  Oraega  (n).  In  the  iiiiddle  of  one  of  the  augles  (tig.  1<>4), 
two  luminous  condensations  are  remiirked  aiiiiUar  to  the  spherical, 
or  ghjhnlar  clusters. 

A  fomi,  still  more  singular,  is  thstt  of  the  nebula  in  Taurus, 
which,  viewed  in  instruments  of  slight  iliuininating  jiower,  appear*! 
like  a  regular  oval.  As  seen  iu  Lonl  Uosse's  large  lt4e&coi>e,  it  re- 
>ieinbles  (tig,  165)  a  gigantic  lobi?ter,  the  antenna?  and  claws  of  which 
are  tigurcd  by  long  strings  of  stars. 

In  the  centime  of  one  of  the  two  Magellame  Cloudii,  which  wc  have 


idrcady  referred  to  as  among  the  most  beautiful  objects  of  the  south- 
ern sky  {we  shall  describe  them  further  on  in  some  detail),  is  a  nebula 
the  complex  form  of  which  serves  as  a  transitional  point  for  us  to 
pass  to  the  large  irregular  nebulfe.  It  is  the  nebula  of  Doradus 
(Plate  XXXV).  The  centnil  part  is  eomposed  of  three  bright 
annular  musics;  the  two  smallest  arc  circidar ;  the  largest,  of  tlie 
fnrni  of  a  pear*  is  surrounded  with  much  paler  appendages,  studded 
with  a  great  number  of  small  stars. 

Imperceptibly  we  arrive  at  the  large  nebulae,  the  shapelesa 
forms  of  w^hich  resemble  clouds  disturbt^  and  torn  by  the  tempest. 
But,  here  again,  w^e  tind  in  the  glimmers  of  the^e  distant  agglo- 
merations, indications  of  rcijolulion  into  stars,  [or  into  something,  of 
which  more  anon.] 


NEBUUE    IN    DORADUS    AND    SURROUNDING    ETA    ARGUS- 
(Sir  J.  HoiftchvlJ 
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niiTnaii  language  has  th)  expressions  capable  af  rvndcv'mg  the 
sentiiiieiit^  of  admiration,  of  profound  stupcfai'lion,  into  wliich  the 
thought  is  plunged,  wheUi  tliauks  to  the  marYellouH  power  of  our 
telescopes,  our  siglit  penetrates  the  distant  strata  of  the  sky,  in  which 
these  unearthly  ohjeets  shine. 

The  largcHt  nehnhc  of  irregular  form  art'  found  in  tlie  vicinity 
of  the  ililky  Wuy,  innong  the  mo^t  brilliant  constellatioiiN  of  the 
starry  sky* 

Let  U8  give  some  details  of  the  two  most  interesting. 


Fig,  IrtS,— Nebiilii  iu  Tauinis  (Cmb  Ufbulsi  J    ( Un\l  R*  jwh..) 


One,  situated  in  Orion,  surrounds  the  magniiicent  sextuple  star 
i^  which  we  have  descril)ed  when  speaking  of  the  systems  of 
inultiple  Suns.  Tlie  other  surrounds  a  star  equally  noteworthy, 
r,  Argus,  so  reniarkahlc  on  aceouiit  of  its  qniik  aiul  enpricious 
variations  of  brightness.  The  drawings,  which  we  here  give  of  these 
two  great  nehnhe  (Plates  XXXV  and  XXXVl),  according  to 
two    illustrious    observers.    Sir    J*    Ilersclicl     and     ii.     W     luaid, 


relieve  us  of  a  d(.«tR;riptioii  which   \voul<l  iiwi'ssarily  ho  viiguc  wild 
iiu-uiiijih'tf,* 

Sini'L'  Jluyjjjhciiw  discovered  the  nehuhi  f>t"  Orimi  in  lOfjfi,  this 
Tjui^nificeiit  object  hus  been  observed  witli  ii  eonetuntly  iiKTeasiiig 
vavi%  and  the  different  regioii><»  more  or  lei^s  hriiiiiicnit*,  wliieh  crmipo^e 
il  have  been  deHcrihed  in  every  dctiiih  By  degrees,  the  aUin^  which 
fK-ersprciid  the  expaiLse  hnve  been  rtn^'iigiiiHed  im  more  numerous ; 
jind  astronnmerH  have  arrival  ut  the  eonvietion  that  it  is  re**ulvahk\ 

Sir  J.  Ilereehel  coinpiiref!*  the  hnghte«t  portion  to  the  head  uf 
a  monstrous  animal,  the  mouth  of  whieh  in  open,  and  the  nose 
uT  which  in  in  the  form  oi'  a  trunk.  Ileuee,  its  name,  the  Fish- 
moulh  Nebula.  It  is  at  the  edj^e  of  the  openitig^  in  a  space  free 
from  nebuhi,  that  the  four  bri<i;htei!*t  of  the  eonipiutent.s  of  4  are 
(ci  be  found;  around,  but  prlueipally  above,  the  trapezium  formed  by 
*he,se  four  stars  h  a  luminous  region  with  a  muHlvd  appeumnee, 
whieh  Ltud  Rosse  and  Bond  have  partly  resolved. 

This  region  is  remarkable  on  account  not  only  of  the  briUiancy 
of  it.s  liglit,  but  alwo  of  the  nuTui Tons  centres  where  this  light  is  ct»n- 
densed,  an<l  each  of  which  appears  to  fonn  a  stellar  cluster.  The 
rectangular  form  ol'  the  whole  is  also  worthy  ol'  attention.  The 
nebidous  masses  surromuling  it.  the  liglit  of  wliitdi  in  much  fiiinter 
than  that  of  the  central  region,  are  lost  gradually  ;  aeeording  to 
Bond>  they  assume  a  spiral  form,  as  indicated  in  the  drawing  ex- 
ecuted by  that  a.strononier. 

[It  has  now*  been  placed  beyond  all  doubt  that  the  changes  of 
fonn  have  tiiken  place  in  the  conrsc  of  our  most  modern  obsorva- 
t  ions.t] 

According  to  Sir  J.  llerschel,  the  great  lU'bula  of  Orion  occupies 
a  space  on  the  sky,  the  apparent  dimensions  of  which  have  the  same 

extent  as  the  lunar  disk.     He  seems  to  Indievc  that  it  is  attached 

I 

*  **  It  is  nhiifist  inn^K>asiV*Ie  to  recoacile  the  two  ilmwiugs  of  Bond  aod  Her- 
Hchol,  without  inlmittirtg  the  HupptMitiou  of  a  ctioskl<^mbIe  chanj^e  in  which 
the  moHt  lumiuou»  n*giLm  tias  been  sul>jected  during  tht?  inter vttl  e]a|)t«Hl 
between  the  eixttihs  iif  tlio  two  obstrver's." — Lkipuu.nui\*^  OhitrmUloiu  of  the 
a  rent  Nehuht  of  Orion^  made  at  Cttzan.^^ 

t  *'  The  cibservatitjas  as  to  the  diatributidii  imd  brightness  uf  the  nebulous 
matter  do  not  imply  any  chaage  of  ftirai,  hut  many  fi  net  nations  in  the  b  right - 
ijcss  of  the  diftereiit  parts.  The  general  iuipres^sinu  wUieh  I  Imvc  reoi-ivivl  from 
thene  observations  is,  that  the  c^-ntral  part  of  the  nebula  is  fuund  in  a  state  of 
continual  agitation,  like  the  surfaee  of  the  seaT —  0.  Stnu^^  Ohmrmtiom  at  Foul- 
I'Qwa^  ^  Mernoirs  of  the  Aojdeniy  of  tScifucrti  of  Sttint  Peter d^urg^  1862." 

(Since  this  was  written,  M.  Otto  Struve,  Father  Secchi,  and  many  oliservera 
n\  this  country^  have  completely  e^tabliiahed  the  fact  that  «  change  of  forai  hiis 
taken  pluce.J 
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to  the  Milky  Way — that  it  is  perhaps  the  prolongation  of  the  branch 
which  leaves  the  main  trunk  in  Perseus,  and  extends  itself  towards 
the  Pleiades  and  Aldebaran. 

[This,  however,  is  now  no  longer  probable.] 

The  nebulosity  which  surrounds  jj  Argfts  (Plate  XXXV),  like 
that  of  Orion,  does  not  present  any  symmetry  in  its  form  or  in  its 
outlines.  It  is  situated  in  the  Milky  Way,  in  the  midst  of  a  region  so 
rich  in  stars,  that  more  than  1200  have  been  counted  in  the  area 
occupied  by  the  nebula.  The  stars,  however,  do  not  seem  to  form 
])art  of  the  nebulosity,  but  rather  appear  to  be  simply  projected 
on  it. 

Towards  the  centre  of  the  nebula,  and  close  to  the  star  ij,  an 
opening  of  a  lengthened  and  rounded  form  is  noticed,  which  leaves 
in  ^aew  the  dark  ground  of  the  sky.  [This  has  been  named  by  Mr. 
Abbott,  a  careful  observer,  "  the  Crooked  Billet." 

The  e\4dences  of  change  in  this  nebula  are  even  more  decided 
than  in  that  of  Orion.  This  object  indeed  may  supply  a  link  of  the 
greatest  importance,  for  we  read  that  the  objects  of  which  it  is 
composed  (not  stars)  **  are  now  of  a  larger  character,  and  more  re- 
fulgent than  nebulous  matter  in  general."*]  . 

[*  Mr.  Abbott,  in  "Monthly  Notices  of  the  Royal  Astronomical  Society," 
April,  1853,  p.  193.] 


viously  deflcribed  la  tlie  equulily  of  their  light  and  the   sihsciice  ui' 
all  luminous  cutidoiisiitioii  iit  the  centre. 

It  is  only  on  the  very  lx>rdersi  oi'  the  nebuhais  disk,  that  a  sli^jlit 
diminution  in  the  intensity  of  the  light  ean  he  perceived.  It 
eannnt  he  held  tliat  they  are  extremely  distant  clusters  of  Ktar^  tif 
spherieal  ur  t^llijjsoidal  form»  since,  an  we  have  seen,  even  on  the 
supiXKsition  *»f  an   equal  dii^tribution  in  «pace  of  the  cfunixjuent^  of 
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the  group,  perspective  alone  would  give  an  apparent  condensation 
tuwurds  the  centre.  ^Vgain,  are  any  of  them  by  any  poasi- 
bility  verituble  ehistoi^s  of  fluttened  forra  presented  to  ua  with  their 
dreular  surfaces  perpendiculur  to  our  line  of  sight?  Or,  as  remarked 
by  Sir  J.  Ilerfifliel,  are  the  stars  of  these  nebulae  in  the  form  of  a 
hollow  sj^herical  shell  P 

[These  questions,  so  long  asked,  are,  as  we  shall  see,  now  partially 
answered.] 

The  planetijry  nebula  in  Ursa  Major,  the  light  of  which  is 
uniformly  distributwl  in  Sir  J.  Ilers^'hel's  drawuig  (tig.  l(>f>),  lias 
been  seen  under  quite  another  aspect  through  the  large  telescope 
f»r  Lord  Rosse.  The  disk  is  changed  into  a  double  luminous 
crown,  surroundefl   with  a   fringed  border,  two    points    appearing 


Fi<.  \iu    -IMuiot  i 


.}— 1.   Is»  ('r-ti  Mjvj'>r»     2    In  Audruiuetii, 


at  the  centre  of  the  nebulosity  which  have  QYory  aspect  of  stars 

(tig.  m). 

Another  example  of  these  changes  is  fiirnishc^d  ua  by  the  plane- 
tary nebula  near  x  AudronnHla?,  wliieli,  pertrctly  r^>und  in  the 
drawing  of  nerschel  (Hg.  WS,  2),  appears  under  the  form  of  a 
luminous  ring  in  that  of  Lord  Ros.se  (fig.  163). 

Let  us  tiiiish  our  list,  so  marvellouMly  rich  in  various  fonns  of 
nebula\  by  mentioning  those  which  have  received  the  name  of 
*'  nebulous  stars," 

lliese  are  no  nther  than  nebuhu,  soniefime.^  circular,  sonu'times 
oval,  sometimes  annular^  hut  always  regahir;  in  the  intert(»r  of  which 
appear  one  or  several  stars  st^aiding  oat  distinctly  from  the  ne- 
bulosity, and  licing  moreover  symmetrically  placed. 

If  tlie  nelnila  be  circular,  the  star  m'cupies  the  centre;  in  the  case 
of  an  elliptical  tbrm,  two  stars  are  seen  jdaced  as  if  tliey  were  the 

£  E 
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two  Ibei   of  tht^  ciu-ve.     One  is  figured  in  tig.  168,  5,  where  three 

8tiirH  ure  reguljti  ly  disposixl  at  the  angles  of  an  equflatenil  triangle, 
^rhiLst  aiiother  vt-iy  elongated  nebula  ha8  two  atars,  placed  outiside 
the  extremities  of  the  greatest  diameter.     Here,  a^  in  the  planetary 


FIff.  1 1«.— Nebulous  stiin*    (Sir  J-    Ilerschd) 
1.  Iti  Cyirnut.    1  ]uPort«uf.    .'i.  la  tlio  ContAMr.    1.  In  Sftgittanm.    5.  In  AnriKa. 
0.  la  Audromcrlji. 

nebnlic,  very  powerful  telescopes  enable  us  to  see,  instead  of  a  dis^k 

feebly  but  equally  illurainoted,  forme  which  are  much  more  irregular, 

and  in  which  the  light  is  distributed 
in  a  much  more  unequal  manner. 

Suuh  are  the  nebulae  represented 
in  fig.  169,  taken  from  the  original 
draT^-i ngs  of  Tjord  Roftse.  It  has  also 
been  asked  if  we  may  not  see,  in  these 
nebulous  stars,  suns  enveloped  with 
an  atmosphere  of  considerable  dimen- 
sionR,  rendered  visible  at  these  enor- 
nuius  distances  by  the  light  of  the 
stellar  foci.  This  opinion  is  certainly 
not  deprived  of  probability,  although 
again  we  may  consider  nebulous  stars 
as  clusters  of  a  multitude  of  very 
small  ones,  having  at  their  centre  a 

sun,  single,  double,  or  even  multiple,  of  which  the  great  brilliancy 

suffices  to  explain  its  particular  visibility. 


Flfir  160.— K eHnlfiue  itara.    tU>rd  Rosm,) 
1.  In  OctnltiL    2.  In  Ar^ro. 
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Sir  J.  Herschel  describes  a  planetary  nebula,  the  light  of  which 
is  about  equal  to  that  of  a  star  of  the  sixth  or  seventh  magnitude, 
its  diameter  about  12",  its  disk  slightly  elliptical,  with  a  sharp, 
clear,  and  well-defined  outline,  "  having  exactly  the  appearance  of  a 
planet,  with  the  exception  only  of  its  colour,  which  is  a  fine  and 
fidl  blue  verging  somewhat  on  the  green."*  The  same  astro- 
nomer describes  three  other  nebulee,  the  colour  of  which  is  a  clear 
sky-blue. 

As  these  latter  nebulae  are  all  planetary  nebulee,  if  the  hypothesis 
of  a  difiused  matter  be  admitted,  it  must  be  supposed  that  its  light 
posfitiesses  a  particular  colour. 

*  "  Outlines  of  Abtronomy,"  8th  Edition,  p.  645. 


DUUBLE  AND  MULTIPLE  NEBULJi. 


Oi'oups  of  Nebulcu  —  Probability  of  a  Pbyaical  Coimcxiou  between  the  Comjwi- 
neota — Multiple  Nobuliu  in  the  lai^cr  Magellanic  Cloud. 


We  have  noticed  nebulao  accompanied  by  systems  of  double  or  mul- 
tiple 9tar9»  placed  in  a  manner  so  Bjrtmuetncal  in  tlie  midst  of  the 
nebulosity  that  it   is  niipossible  to  doubt    flie  ('xisteiiee   of   u    real 


I'ig.  no,— DmiMo  :U]!rl  multiplic  tifbtjtjp— <S»r  J    llci^rhol.)         1  and  i.  }n  VIU'ri^.  2  and   1,  In 

Tniim  Ben-*tile«*     3.  fii  AquArfiti.    B*  In  lh«  Xubeculu  M<i]"r  (Qnmt  Clou^l  of  MngullAn). 

ronnexion  Ijctween  the  ^tatB  »nd  the  nebuhe»     Evidently  these  are 
physical  ^mups  nf  a  e|>ecial  constitution. 

There  ejtiat  ttls<i  groups  of  nol>uIii^  aiialoji^fms  to  groups  of  stars^ 
that    is  to    say,    the  comiKments   are  physically,    and  not   merely 
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optically  connectod.  Wa  ngiiin  hud  in  these  interefiting  aRsociationa 
the  same  varieties  of  aspect  and  fonn  as  in  the  simple  nobuIaD* 

Some  appear  formed  of  two  globular  clustei-s,  in  which  the  eentral 
condenmition  ludieutes  not  ooly  a  -spherical  tigurr,  hut  probably  also 
the  existence  of  real  centres  of  attraction ;  examph's  of  thi^  are 
seen  in  fig.  170,  Sometimes  the  components  appear  entirely 
separate  anrl  distinct,  sometimes  they  eneroach  one  on  the  otlier ; 
hnt  whether  these  appearances  are  opticxd  only,  or  whether  there 
be  a  reul  physical  connexion,  we  know  not. 

.Sonxetimes,  again,  one  of  the  components  is  round  or  globular, 
whilst  the  other  takes  an  elongated  elliptical  form.  The  nebula 
represented  in  fig.  171  is  composed  of  two  rounded  masses,  teniainatcd 
by  brilliant    appendages,  envelopetl    by   a    nebulosity   common   to 


%% 


Fig^  171.— Double  uebula.    (LorJ  fU^sau . } 

botht  the  whole  surrounded  by  light  luminous  arcs  similar  to  frag- 
ments of  a  nebulous  ring* 

Tlie  number  of  the  nebulous  centres  is  often  very  considerable. 
Sometimes  it  is  as  high  as  eeven,  as  in  the  multiple  nebula?  observed 
by  Sir  J.  Ilorschel,  of  which  we  reproduce  a  curious  specimen  (fig. 
170,  6).  The  group,  in  question,  is  one  of  the  numerous  clusters 
which  tbrm  the  largest  of  the  two  clouds  of  Magellan.  We  mny  gather 
frum  this  circmnstance  that  the  connexion  of  these  seven  nebidfo  is 
purely  optical,  if  the  general  nehulosity  which  envelopes  them  all 
does  not  indicate  a  physical  union. 

For  the  rest,  the  connexion  of  the  components  in  the  multiple 
nebulie  will  not,  doubtless,  be  demonstrated  in  the  same  maimer  as 
we  have  seen  that  of  the  systems  of  the  double  stars.  In  these 
latter  systems,  the  movement  of  revolution  of  one  of  the  suns 
romid  the  other  can  be  studied,  because  their  distance,  however 
stupendous,  renders  this  movement  obser\'able  in  a  limited  number 
of  vears. 
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On  the  other  hand,  the  multiple  nebulae  are  supposed  to  be 
banished  to  such  infinite  depths  in  the  abysses  of  the  heavens,  that 
any  movement  would  remain  imperceptible.  Thousands  of  years — 
thousands  of  centuries,  perhaps — woidd  be  necessary  for  us  to  become 
sure  of  any  change  in  the  position  of  the  whole.  Our  telescopes 
will  in  vain  increase  their  power,  and  the  sight  become  more  pene- 
trating. We  cannot  anticipate  time.  Compared  to  the  life  of  the 
worlds,  our  life  is  but  a  second,  as  our  entire  system  is  but  a  point 
in  the  expanse  of  the  infinite. 
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MAGELLANIC  CLOUDS. 

Position  of  the  Two  Magellanic  Clouds  in  the  Southern  Sky — Structure  of  the 
Little  and  of  the  Great  Cloud — Star-Clusters  ;  Isolated  Stars  and  Nebulas 
which  they  contain. 

When  we  look  on  the  region  of  the  celestial  vault  which  surrounds 
the  South  Pole,  we  cannot  help  being  struck  with  the  contrast  pre- 
sented by  the  small  quantity  of  stars  which  it  contains,  with  the 
brilliant  zone  which  borders  on  the  Milky  Way,  from  Orion  and 
Argo,  to  <he  Centaur,  passing  by  the  Southern  Cross.  One  solitary- 
star  of  the  first  magnitude,  Achemar,  more  distant  from  the  Pole 
than  are  the  beautiful  stars  of  the  Centaur  and  of  the  Cross,  shines 
in  this  part  of  the  sky. 

But  even  this  circumstance  renders  the  singular  aspect  of  the 
two  nebulous  spots,  which  seem  two  detached  pieces  of  the  great 
galactic  zone,  still  more  striking.  These  half-stellar,  half-nebulous 
systems,  unequal  in  magnitude  and  brightness,  but  easily  seen  with 
the  naked  eye  in  a  clear  moonless  night,  are  situated,  one,  the 
larger  and  more  brilliant,  between  the  Pole  and  Canopus,  in  the 
constellation  of  Doradus ;  the  other,  the  smaller,  and  less  brilliant, 
ordinarily  invisible  during  the  fidl  moon,  in  Hydrus,  between 
Achemar  and  the  Pole. 

Both  are  known  by  astronomers  and  navigators  under  the  name 
of  **Cape  Clouds,"  or,  again,  ''Magellanic  Clouds."  And,  to  dis- 
tinguish them,  we  have  again  the  Great  Cloud  {Nuhemla  Major)  and 
the  Small  Cloud  {Nubecula  Minor).  In  figs.  172  and  173  the  general 
form  of  these  two  nebulae  is  represented. 

The  Clouds  of  MagelLEUi  are  distinguished  from  all  other  nebulae 
which  we  have  as  yet  described  by  their  great  apparent  di- 
mensions, and  by  their  physical  structure ;  this  last  character  dis- 
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"with  a  kmd  of  desert/*  where*,  it  in  truo,  shines  the  inagiiifieeTit 
Htelhir  chii^ter  of  Tmi(!Uii,  of  which  uientiiMi  huA  been  before  made. 
11'  the  exterior  aspect  of  the«o  twfj  renuirkiLble  nebula^  jiiid  their 
sitimtion  in  ii  eelestiul  rej^rion  poor  in  stars  give  to  the  southern 
sky  a  petndiar  appearance,  their  real  strneture  makes  them  one 
of  the  wonders  of  t!n^  lieavens.  Examined  by  the  aid  oi'  a  powerfwl 
l(4esfoi)e  by  Sir  J.  Ilcr.st'heh  during  bin  stay  at  the  Ciipe  of  (tixMl 
Hope,  they  were  both  de€onipose<l  in  a  manner  of  ^^liirb  ti<^^  174, 
which  represents  a  |>ortion  of  the  Great  Cl(aid»  j^ives  an  idesi. 

We  have  first  a  great  nuTnl>er  of  single  stars,  the  brightness  of 


Fip,  174, — Cloi;id»  of  M&|{vlUuu     A  (Murtum  ot  ihu  Ureat  Cloud.    (Bir  .1.  U^  rsiMkcl  J 


which  varies  between  the  fifth  and  eleventh  magnitudes :  tlien  star- 
ehrster.^,  some  of  irregahn"  form*  ntlierw— and  the  largest  number- 
taking  a  gh>bidar,  spherical^  or  oval  i^hapo  ;  lastly,  nebidie^  sume 
separate,  others  grouped  in  two,  three  &c,,  most  of  them  rounded 
and  regular.  iSomo  of  them,  known  under  thi'  name  of  Ncbiike  of 
Doradus,  already  described  and  represented  in  l*late  XXXI II,  are 
situated  in  the  Great  ('h)ud.  *'This  nebula/'  say^s  lliunbohlt,  '*s('an'(4v 
occupies  the  ^Jjc^^h  part  of  the  area  of  the  Cloud  ;  and  Sir  J.  Ilersi-hel 
has  already  raeastn^ed  in  this  space  the  position  of  UK}  stars,  of 
tlic  fourt^'enth,  tifteenth,  and  sixteenth  magnitudes,  standing  out  on 
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a  nebulous  background  of  unbroken  and  uniform  brilUancy,  wbich 
has  reHist-ed  the  inoat  jKJwerful  telescopes.** 

The  double  and  multiple  Nebulte  are  also  much  more  numerous 
here  tlian  in  the  other  zones  of  the  heavens,  richest  in  objects  of 
this  nature. 

Thus,  we  repeat,  the  constitution  of  these  irregular  Nebula* 
appears  quite  different  from  that  of  the  Milky  Way,  from  which  we 
may  olso  add  they  are  some  distance  removed.  They  are  dia- 
tinguli^heKl  also  from  other  known  Nebulae,  and  seem  like  miniatures 
of  the  entire  heavens. 

A  word  now  on  the  structure  of  each  of  the  two  Clouds.  In  the 
Great  Cloud  Iler^hel  has  counted  582  single  stars,  amongst  which 
one  oidy  is  of  the  fifth  magnitude;  six  others  are  of  the  order  im- 
mediately inferior,  and  woidd  doubtless  be  visible  to  the  naked  eye 
if  their  light  were  not  effaced  by  the  general  glare.  Then  come 
291  Nebulae  and  46  star- clusters,  fonning  so  many  distinct  groups. 

In  the  Small  Cloud,  the  single  stars  are  proportionally  more 
numerous,  since  200  have  been  counted,  amongst  which  three  are  of 
the  sixth  magnitude,  whilst  it  only  ijicludes  thirty »scven  Nebula[^  and 
seven  star- clusters.  These  immense  aggregtitions,  the  elements  of 
which  are  themselves  swarms  of  suns,  remind  us  of  the  largest,  in 
appearance  at  least,  of  all  the  clusters  which  the  eye  contemplates  in 
the  depths  of  the  sky — the  Milky  Way. 
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All  the  NebulaD,  scattered  throughout  the  depths  of  the  sky,  were 
but  lately  considered  to  be  so  many  agglomerations  of  stars,  differing 
only  from  tutar-elustera  by  their  general  form^  and  the  gronping  of 
the  components.  But  it  has  often  been  thought  that,  among  these 
celestial  clouds,  there  were  6ome»  at  all  events,  composed  of  diffusefl 
vaporous  matter,  or  at  least  formed  by  the  ueeumuhition  of  bright 
corpuscules,  of  great  relative  tenuity,  and  as  such,  possessing  no 
analogy  with  the  other  celestial  bodiea^ — with  suns. 

The  hypothesis  of  a  nebulous  matter  endowe<l  with  its  own  light 
and  scattered  in  immense  masses  over  the  expanse  of  the  infinite, 
was  proposed  originally  by  astronomers  whose  instruments  were 
unable  to  reaolve  these  cosmical  clouds.  The  large  Nebulie  especially, 
like  that  which  surroimds  the  star  &  Orionie,  of  irregular  form, 
lent  great  probability  to  this  hypothesis.  But  the  resolution  of  the 
globular  Nebulfe,  one  by  one,  at  length  resulted  in  the  idea  of  a  real 
nebulosity  being  confined  to  the  irregular  Nebuhr. 

But  later  still,  modern  observations,  made  with  instruments  of 
great  power,  by  degrees  showed  an  apparent  identity  of  composition 
with  the  stellar  clusters  in  a  great  number  of  these  last  Nebulae. 
Thousands  of  little  stars  appeared,  where  before  a  phosphorescent 
milky  glimmer,  according  to  the  expression  of  astronomers,  of  an  in- 
definable and  characteristic  aspect,  was  noticed.  Tlie  Nebulse  in 
Andromeda  and  Orion,  in  which  observers  had  remarked  no  sus- 
picion of  stars  or  st-ellar  sparkling,  indicative  of  probable  resolution, 
have  recently  been  stated  to  be  resolved,  at  least  in  part ;  and  as  a 
consequence,  the  hypothesis  of  a  diffiised,  nebulous  matter  lost  ground 
in  proportion  as  our  means  of  observation  were  increased.     But  sHtl 
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it  was  asked,  Must  it  be  quite  abandoned  P  The  existence  of  matter 
of  this  kind  w  not  iiieoniptitible  witb  wlitit  is  known  of  the 
I>byf*i€iil  eons  tit  ut  ion  of  the  eelestiat  biMlies,  Comets,  with  their 
Vii porous  nuclei,  wbieh  show  various  degrees  of  condenmition,  their 
envelopes,  and  tails,  so  diffiisetl  that  star*  are  perceived  through 
them,  and  their  smull  masses,  show  that  this  existence  is  possible  and 
real.  The  aggloraemtion,  of  whatever  natiux>  it  Ix^,  which  produces 
the  zodiacal  light,  also  supports  the  hypothesis  ol'  nebulous  matter. 

Not  long  ago,  however,  in  addition  to  the  analogies  in  colotir, 
distribution,  and  above  all,  in  physical  connexion,  which  the  Nehulfie 
present  witb  stars,  both  single  and  united  in  couples,  a  new  analogy 
was  discovered.  We  refer  to  the  variability  of  their  light,  which, 
[>aradoxical  as  it  may  seem,  seemed  to  render  any  analogy  between 
thera,  as  far  as  their  physical  constitution  was  concerned,  impossible. 
Of  two  NcbuIsD,  both  situated  in  the  constellation  Taurus,  the  first, 
near  a  star  of  the  tenth  magnitude  of  varinlde  brightness,  presented 
variations  which  appeared  to  correspond  with  those  of  the  stars,* 
and  has  since  finally  disappeared.  The  sc<^ond  Nebula,  situated  near 
^,  after  having  gjudually  increased  in  brightness  during  more  than 
three  months, f  also  disappeared. 

Some  analogous  phenomena  had  been  already  rcn^orded  by  Sir 
W.  Herschel.  Two  stars,  surrounded  with  circular  Nebulaj  in  1774, 
prcscntcMl  no  traces  of  these  envelopes  in  181 L  Arago  has  describetl 
anntber  fiu-t,  bearing  on  the  same  kind  of  transformation  <  *^  Ijai-aille/* 
he  remarks,  in  a  note  to  his  Biography  of  Sir  W,  Ilerschel,  *' during 
his  stay  at  the  Capo,  saw  in  Argo  five  small  stars  in  the  middle  of  a 
Nebula,  of  which  Mr.  Bunlop,  with  much  better  instruments,  could 
not  ace  the  slightest  trace  in  1825/' 

Lastly,  as  we  have  before  seen,  it  is  impossible  to  reconcile  the 
observations  and  the  drawings  of  the  Nebula  of  t)rion,  made  by 
many  contemporary  astronomers,  without  being  obligcfl  to  admit 
that  it  has  undergone  real  changes  in  brightness  and  in  the  outlines 
of  its  different  regions. 

The  variability,  the  disap|K!arante  even,  of  a  star,  is  explaininl 
by  the  aid  of  more  or  less  satisfactory  hypotheses.  This,  however » 
is  not  the  case  ^\'ith  a  Nebula,  if  \v&  admit  thut  it  is  composed  of 
distinct  stars, 

*  D*  Arrest,  Flind^  Cbacornac. 

t  Obscnx'd  hy  M-  Chacoraac.  The  disavn^earance  waa  act  decidedly  proved 
for  more  than  six  yearns  aSt&r  t!io  mftxinnim  of  brilUfti^cy.  It  would  he  irjt<Tcsting 
to  know  whether  a  gradual  decrease  auccccdetl  the  phases  of  lacrease,  or  whether 
the  disappearance  was  siiddtjn. 
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[Wfce  tlien  the  bypotheeLs  of  a  nebulous  matter  correct  after 
all,  seeing  that  variations  of  brightness,  progressive  or  even  sudden 
('Xtinetion  of  light,  might  be  coniprehensiblc  inmufisas  of  this  kind  ^ 

This  question,  tliarikH  ngain  to  spectrum- jnuily*?i8»  we  can  now 
answer  in  a  decided  affirmative. 

On  August  21*,  18134,  Mr- Hugginsj  who?<e  observations*  on  siellai 
spectra  we  have  before  referred  to,  directed  his  telescope,  iirmed 
with  the  spectrum  apparatus,  to  the  planetary  Nebula  in  Draco.  At 
Hrst  he  wn^pectcd  tliat  some  demngcnu-ut  of  the  instnnnont  had  <uken 
phice,  fur  no  spectrum  was  aeen»  but  only  a  short  line  of  light 
perpendicular  tt>  the  direction  of  dispersion*  He  found  that  the 
light  of  this  Nebula,  unlike  any  other  ex* terrestrial  light  which  had 
yet  been  subjcx:ttHl  to  prismatic  analysis,  was  not  eomposcnl  of  light, 
of  different  refrangibillties,  as  we  saw  that  of  the  Sun  and  stars  to  be, 
and  it  therefore  could  not  form  a  spectrum.  A  great  part  of  the 
light  from  this  Nebula  is  monochromatic  and  was  seen  in  the  «pectro- 
seope  as  a  bright  line*  A  more  careful  examination  showed  another 
line  narrower  and  much  fainter,  a  little  more  refrangible  than  tlie 
brightest  line^  and  separated  from  it  by  a  dark  intervaL  lieyond 
ibis  again,  at  about  three  times  the  distance  of  the  second  line,  a 
third  exceedingly  faint  line  was  seen. 

The  strongest  line  coincides  in  position  with  the  brightest  of  the 
air  lines*  This  line  is  due  to  nitrogen,  and  occurs  in  the  solar  spec- 
trum about  midway  between  b  and  F.  The  faintest  of  the  lines  oi' 
the  Nebula  coineides  ^Wtb  the  line  of  hydr<jgen  eorresiMuiding  to  the 
line  F  in  the  solar  spectnun.  Tlie  utlu^r  bright  line  was  a  litlle  less 
refrangible  than  the  ati*ong  line  of  barium. 

llerot  then,  we  have  three  little  lines  for  ever  disposing  of  the 
notion  that  Nebulae  may  be  clusters  of  stars.  How  triuupct-tongued 
does  such  a  fact  speak  of  the  resources  of  modern  science  ! 

An  object-glass  collects  a  beam  of  light  whii!h  for  ever  without 
such  aid  would  have  bathed  the  Enrth  invisibly  to  nmHal  eye  ;  the 
beam  is  passetl  through  a  prism*  and  in  a  moment  we  know  tluit 
we  have  no  longer  to  do  with  glowing  Suns  enveloped  in  atmo- 
spheres enforcing  tribute  from  the  rays  which  pass  through  them, 
bat  with  something  deprived  of  an  atmosphere,  and  that  something 
a  glowing  mass  of  giis. 

Mr,  Huggins  has  not  been  idle  since  his  discovery,  and  has  ob- 
served a  large  n amber  of  nebuhe  with  the  most  interesting  results. 

Not   only  must  We  discard  the   notion  ^ — a  very  piirdonable  one 
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when  we  consider  how  it  caine  to  be  held^ — that  the  glorious  cluster 
in  Perseus,  or  that  somewhat  more  tjrpical  one  in  Hercules,  ma}'  be 
taken  lus  an  exernplar  of  all  our  nebidte,  could  we  bring  sufficient 
fjptical  power  to  bear  upon  them  ;  but  the  conclusion  is  obvious,  that 
the  detection  in  a  nebula  of  minute  closely  associated  points  of  light, 
which  have  hitherto  been  eon«idered  as  a  certain  indication  of  a 
stellar  constitution,  can  no  longer  he  accepted  as  a  proof  that  the 
object  consists  of  inte  ^ffan.  Tbcse  limiinous  pf>ints,  in  some  nebulic 
at  lea^t,  must  he  regarded  as  themBelves  gaseous  bodies,  denser 
port  ion  a »  probably,  of  the  great  nebulous  mass,  since  they  exbibit  a 
constitution  identical  with  the  fainter  and  outlying  parts  which  have 
not  been  resolved.  The  nebulae  ai'e  thus  sboTi^ii  by  the  prism  to 
be  enormous  gaseous  systema,  and  it  appears  probable  that  their 
apparent  permanence  of  general  form  is  maintained  by  the  continual 
motions  of  the  denser  portions  which  the  telescope  reveals  as  lucid 
|K>ints. 

More  than  this,  the  proper  motion  of  nebulae  haa  not  yet  l)ecn 
inquired  into,  because  everybody,  hx)king  upon  them  as  irresolvable 
star-clusters,  thought  them  infinitely  remote.  Now,  however,  that 
we  know  that  they  are  not  clusters  of  stars,  properly  so  called,  it  is 
]KJSsible  that  they  may  be  much  nearer  to  us  than  we  imagine. 

The  conclusions  to  which  Mr.  Iluggina  has  been  led,  by  his  obser- 
vations, are,  curiously  enough,  the  very  opposite  to  those  which  specu- 
lation would  have  predicted.  Spe<iultition  woidd  have  looked  upon 
nebula?  as  sun-genus — ^as  composed  of  the  very  matter  of  which 
Faye  has  so  recently  stated  the  interior  of  our  own  Sun  to  be  still 
composed.  The  faint  glimmer  of  one  of  those  eloquent  lines  here, 
three  there,  four  elsewhere,  a  faint,  continuous  spectrum  with 
bright  lines  in  one  place,  and  a  well-detined  continuous  spectrum 
in  another,  would,  taking  the  relatively  insignificant  optical  means 
employed  into  consideration,  have  been  held  to  bridge  over  the  gap 
between  star  and  nebula  as  successfully  as  we  have  now  bridged  over 
that  which  once  sepamted  sun  and  star.] 
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I. 

OUR  OWN  UNIVEBSE— THE  MILKY  WAY. 


Rcul  Form  of  the  Stellar  Stratum  which  composes^  the  Milky  Way — Positiou  of 
the  Suu  in  the  iDterior  of  this  Stratum —  General  idea  of  its  Dimensions. 


As  we  have  before  stated,  the  Milky  Way  extends  across  the  heavens, 
following  nearly  the  circumference  of  a  great  circle  of  the  starry  sphere, 
the  irregularities  of  its  form,  and  the  inequalities  of  its  breadth  in 
different  portions,  not  being  taken  into  account.  It  divides  the 
celestial  vault  into  two  portions,  not  quite  of  the  same  extent,  the 
smaller  of  the  two  being  that  which  contains  the  constellations  of 
Pisces,  Cetus,  in  short,  those  near  the  vernal  equinoxial  point.  It 
follows,  therefore,  that  the  Milky  Way  includes  the  region  occupied 
by  our  Sun.  But  what  is  the  true  form  of  this  prodigious  assemblage 
of  stars,  which,  according  to  Sir  W.  Herschel's  estimate,  deduced 
from  a  considerable  number  of  "  gauges "  of  the  heavens,  contains 
certainly  not  less  than  18,000,000  stars?  The  small  breadth  of  the 
zone,  compared  with  its  other  dimensions,  shows  that  it  is  formed  of  a 
stratum  of  suns,  distributed  irregularly  and  comprised  between  two 
nearly  parallel  planes,  which  give  the  whole  the  figure  of  a  flattened 
millstone,  the  rim  of  which  is  split  into  two  portions  throughout  one 
half  of  its  circumference. 

It  is  nearly  at  the  centre  of  this  gigantic  collection  of  stars, 


about  hall'  way  between  itn  two  surfuees,  and  near  the  region  where 
the  separation  t»f  tlie  /one  into  two  i^trata  oeeiir8t  that,  lost  in  this 
vortex  of  Wurl(l8.  our  little  Solar  SyslAnn  lie8.  The  diiiiensions  of  the 
centre  of  this  sysitem — the  Sun,  which  appeared  to  u»  at  first  so  great, 
but  which  a  .second  hx)k  ut  the  st.cllar  nui verse,  showed  to  l>e  those  of 
(i  star  uf  the  .second  or  tliird  order — arc  now  found  to  represent  but 
an  utoui  of  tlie  luminouB  sand  of  the  Milky  Way. 

The  position  of  the  Sim  in  the  zone  explaiut*  the  general  asi>ect 
of  the  whole  tirmanient,  and  ahows,  besides,  that  all  the  stars  so 
uni verbally  and  singularly  distributed,  and  apparently  so  distant  from 
those  portions  of  the  ililky  Way  it;self  which  give  rise  to  the  ap- 
peuranee,  probably  fonn  a  part  of  it. 

Indeed,  when  Irom  the  jMiint  where  w(?  arc  situated,  we  look  in 
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the  direction  of  the  length  of  the  stellar  stratum,  we  meet  with,  m 
tci  speak,  indefinite  **  tih^s  ''  of  stars  and  clusters  of  stars,  which  give 
to  the  5Iilky  Way  its  maximum  density,  and  brightness.  li*,  on  the 
contrary,  ibc  sight  be  allowed  to  travel  in  direct  it  ms  more  and  more 
inclined,  the  visual  ray  traverser  strata  continually  decreasing  in 
ibickncKs,  and  the  density  should  decrease  with  great  rapidity. 
Ijastly,  in  ihe  direction  perpcndicidar  to  tlie  tliickness  of  the  stratum, 
the  stars  should  appear  di^jTcrsc^l,  as  they  reidly  do  in  those  parts  of 
the  heavens  apparently  mwt  distant  fiTan  the  great  neliuhius  zone* 
**  Just  as  we  hit,''  says  Sir  J.  Herschel,  in  bis  **  Outlijies  of  Astro- 
nomy,** **  a  slight  haze  in  the  atmosphere  thickening  into  a  decidetl 
ing-bank  near  tlie  horizon,  by  the  rapid  increase  of  the  mere 
length  of  the  visual  ray/* 

Figun^  17^}.  which  represents  according  to  Ilersehers  hypothesis, 
the  Milky   Way,  in   a   section   perpendicular  to   its  thickness,   and 
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ulong  its  greatest  rliamcter,  whicli  passefl  througt  tlio  Bun,  renders  the 
explanation  we  have  given  easy. 

With  the  help  of  this  conception,  we  may  again  refer  to  the  rapid 
decrease  in  the  number  of  stars  in  those  regions  which,  on  both 
sides  the  Slilky  Way,  extend  as  lar  as  the  two  poles  of  the  great 
eirt4e  which  the  galaxy  traces  on  the  face  of  the  heavens* 

The  pulcti  of  the  Jlilky  Way  are  situated,  tlie  north  pole  near  Coma 
Berenices,  the  south  pole  in  the  constellation  of  Cetus.  When,  from 
one  or  other  of  these  points,  we  advance  progressively  towards  the 
Milky  Way,  the  mean  number  of  the  stars  increa^^s,  at  first  verj'- 
slowly,  then,  in  the  vicinity  of  the  gixlactic  plane,  wiih  very  great 
nipidity,  so  that  it  is  about  thirty  times  greater  in  this  plane  than 
in  the  galactic  polar  regions. 

Until  now  wo  have  but  obtained  a  general  idea  of  the  fonn  of 
the  Milky  Way,  and  of  the  position  which  the  Sun  occupies  in  the 
midst  of  it.  To  complete  our  account  of  what  is  kno\\Ti  of  its  struc- 
ture, we  must  here  attempt  to  give  some  idea  of  its  real  dimensions. 

Comparing  the  |)hotometrie  brightness  of  the  stars  of  the  differ- 
ent orders  of  magnitude,  with  the  order  of  probable  distances,  Sir 
W.  Herscliel  arrivcfl  at  the  most  astonishing  conclusions  on  the 
dimensions  of  the  Milky  Way. 

The  stars  visible  to  the  eye  comprise,  it  is  knoum,  the  first  six 
orders  of  magnitude.  The  illustrious  astronomer  of  iSlough  estab- 
lished that,  in  the  mean,  those  of  the  sizth  onler>  that  ia  to  say,  the 
smallest  stars  visible  to  the  naked  eye,  arc  twelve  times  more  distant 
than  the  stars  of  the  first  magnitude.  Starting  thence»  and  calcu- 
lating the  space-penetrating  power  of  his  telescopes,  he  arrived  at 
this  inference,  that  he  coidtl  observe  in  the  depths  of  the  heavens 
8tars  situated  at  a  distance  2IJ00  times  greater  than  the  mean  dis- 
tance of  the  stars  of  the  first  magnitude.  And  Ilerschel  recognised, 
moreover,  that  the  visible  extent  of  the  Jlilky  Way,  in  some  regions, 
increasctl  with  the  power  of  the  inatrument  brought  to  bear  upcm 
it,  and  that  even  his  large  40-feet  telescope  could  not  reach  the 
limits  of  this  star-zone,  wbi(*h  he  therefore  declared  unfathomable. 

Now,  when  we  recull  the  stupendous  distance  between  the  nearest 
star  to  our  world — such  a  distance,  that  light  takes  years  to  traverse 
it — we  shall  recognise  this  wonderful  fact,  namely,  that  the  Milky 
Way  in  the  direction  of  the  most  distant  regions  accessible  to  our 
view,  can  only  be  completely  traversed  by  a  light-ray,  in  a  ix'riod 
of  time  upwards  often  thousand  years.  Thus,  when,  applying  the 
eye  to  the  eye-piece  of  the  largest  astronomical  instruments,  we  ob- 
serve, on  the  not  quite  dark  background  of  the  sky,  feeble  luminous 
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points,  we  receive  on  our  retina  the  impression  of  an  imdulatory 
movement,  which  was  set  in  motion  ten  thousand  years  ago,  by  the 
incandescent  mass  of  suns  like  ours,  which  form,  as  he  does,  part  of 
the  same  sidereal  group. 

Calculating  the  thickness  of  the  Milky  Way  from  its  apparent 
breadth,  ITerschel  arrives  at  the  result,  that  its  thickness  is  about 
eighty  times  greater  than  the  distance  of  the  stars  of  the  first  magni- 
tude. Thus,  the  stellar  stratum  greatly  suqjasses  in  tliis  direction 
even  the  space-penetrating  power  of  the  human  eye.  Whence  it 
follows,  that,  as  we  have  before  stated,  "  Not  only  our  Sun,  but  all 
the  stars,  that  we  can  see  with  the  naked  eye,  are  deeply  plunged  in 
the  Milky  Way,  and  form  an  integral  portion  of  it."* 

*  Struve,  "  Etudes  d' Astronomic  Stellairc." 
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"  It  is  extremely  probable,"  remarked  Sir  W.  Hcrschcl,  in  a  memoir 
in  1818,  "  that  some  of  the  nebulae  of  cometary  form,  many  of  the 
stellar  nebulae,  and  a  considerable  number  of  nebulous  stars,  are 
merely  clusters  of  stars,  banished  in  space  to  such  depths  that  the 
penetrating  power  of  the  telescope  has  not  yet  been  able  to  resolve 
them." 

This  opinion,  we  have  seen,  has  now  become  a  certainty,  thanks 
to  the  power  of  our  modem  instruments. 

The  stellar  clusters  and  nebulae  are,  then,  the  most  distant  of 
celestial  objects  which  the  eye  can  reach;  the  accumulation,  in 
a  small  space,  of  a  midtitude  of  luminous  points,  allows  them  only 
to  be  distinguished  as  a  whole.  The  astronomer  whose  words  we 
have  quoted  estimated  the  distance  of  the  75th  cluster  of  Messier's 
catalogue  at  more  than  700  times  that  of  the  stars  of  the  first 
magnitude.  It  is  not  visible  to  the  naked  eye,  but  it  woidd  become 
so  if  its  distance  were  reduced  to  a  quarter.  If  we  suppose  it  re- 
moved to  five  times  its  actual  distance,  that  is  to  say,  to  3500  times 
the  distance  of  Sirius,  the  large  Herschelian  telescope  of  40-feet 
focus  would  still  show  it,  but  only  an  irresolvable  nebula.  It  is, 
then,  extremely  probable  that,  among  the  many  nebulae,  indecom- 
posable into  stars,  beyond  the  Milky  Way,  in  the  depths  of  the 
heavens,  many  are  as  distant  as  that  of  which  we  speak.  Doubtless, 
many  are  still  more  so.  Now,  to  reach  us,  light-rays  must  have 
left  stars,  situated  at  such  a  distance,  more  than  700,000  years 
ago.  Wlien  we  reflect  on  the  immensity  of  such  a  time,  which  em- 
braces tliousjiiids of  centuries,  and  on  the  extraordinary  velocity  of  the 
Imiiiiious  movement  in  the  bosom  of  the  ether,  thought  is  utterly 
confoundcnl  in  the  contemplation  of  such  abysses,  the  extent  of  which 
measures,  not   indeed   the  dimensions  of  the  Heavens — they  are 
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iiiexpr('t*»iblc— but  those  portions  of  them  whicli  surround  us,  and 
of  whicli  Astronomy  has  studied  the  Btructure. 

We  ejtn  now  represent  the  Ileuvens,  even  in  their  majestic  whole. 
In  the  depths  of  liniitlass  spaee,  exist  numerous  assemblages  of  stars, 
like  80  many  archi|ielagoe9  in  an  infinite  oceim.  Each  of  the^e 
Universes  i«  itseli*  formed  of  a  multitude  of  ehisters,  in  whit-li  the 
suns  are  grouped  like  so  numy  systems,  the  condensation  of  which 
is  more  decided  than  in  the  stnicture  generally. 

8mis  are  the  individuals  of  these  associations  of  worlds.  But 
here  again  is  found  the  tendency  to  form  groups ;  and  double  and 
multiple  stars  present  to  us  simple  systems  of  two  or  three  snns 
gravitating  one  round  the  other. 

Here,  then,  woidd  end  what  we  could  know  of  the  structure  of 
the  Universes,  if  we  did  not  ourselves  fonn  part  of  one  of  the  most 
simple  of  these  solar  systems ;  if  the  study  of  tho  planetary  system, 
and  of  its  varied  organization,  did  not  teaeh  us  what  part  each  of  these 
milHons  of  eek^stial  bodies  may  play  in  journeying  through  space, 
continually  radiating  afar  their  rays  of  heat  and  light. 

Each  of  these  eh:^mentary  groups  may  itsell'  be  subdivided  into 
smaller  groups^ — into  systems  of  bodies  %^'hich  gnivitnte  round  a. 
central  bod} ,  presenting  the  wonderful  speetaek*  of  a  system  in  min- 
iature. Who  knows  besides  what  the  study  of  each  of  the  suns 
w^hich  people  the  expanse  might  reveal,  if  it  were  given  to  ns  t^i 
penetrate  into  the  sphere  of  their  action,  ami  to  observe  the  ])hc- 
nomena  of  which  tliis  sphere  is  the  sceue  ?  liut,  if  iuiugiuation  lias 
a  right  to  form  conjectures  on  this  subject,  it  is  not  so  with  science; 
the  severe  methods  of  which  reject,  without  condemning  them,  hy- 
potheses not  based  on  facts  and  obseiTation,  and  inferences  drawn 
from  facts  by  rigt»rous  reasoning. 

Here  ends  the  purely  dest^riptivc  part  of  our  task,  the  oljject  of 
which  lias  been  to  give  a  picture  of  the  phenomena  of  the  Ileuvens 
according  to  actual  astronomical  knowledge.  Wc  may  be  mistaken, 
hut  we  hope  that  more  thnn  one  reuder  will  wish  to  penetrate  deeper 
Hi  ill,  and  will  not  be  sorry  to  euinprehend,  ns  much  £is  it  is  possible 
without  previous  scientific  preparation,  the  laws  which  regulate 
celestial  movements,  and  explain  the  most  complex  ])henomena. 
These  laws  are  at  once  simple  and  sublime,  and  are  an 
eternal  honour  to  their  tUscoverers,  and  a  monument  of  the  power  of 
the  human  mind. 
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THE  LAWS  OF  ASTRONOMY. 

Thb  marvellous  panorama  presented  by  the  visible  Universe  has  now 
passed  before  our  eyes ;  the  solar  system,  each  component  of  which 
we  have  explored,  has  shown  us  in  detail  what  kind  of  bodies  are 
those  suns  with  which  infinite  space  is  strewn ;  and  what  may  be 
the  conditions  of  those  other  bodies,  not  self-luminous,  which  circulate 
roimd  them,  what  their  motions,  dimensions,  and  physical  consti- 
tution. The  sidereal  world  has  in  turn  revealed  to  us  its  mag- 
nificence, in  its  groupings  and  gigantic  assemblages  of  suns,  and  we 
have  been  enabled  to  form  an  idea  of  the  structure  and  unutterable 
dimensions  of  the  Universe,  or  rather  of  that  part  of  it  rendered 
accessible  by  the  telescope. 

Were  we  to  stop  here,  therefore,  the  object  we  had  in  view  in 
this  description  of  the  physical  constitution  of  the  Heavens  would 
have  been  accomplished  as  far  as  the  limits  of  this  volume  would 
permit.  The  results  of  modem  investigations  have  been  passed  imder 
review,  and  we  have  dwelt  upon  them  sufi&ciently  to  indicate  the 
interest  and  importance  which  attach  to  them. 

And  yet,  hitherto,  we  have  left  in  the  backgroimd,  or  trenched 
on  but  lightly,  that  part  of  the  subject  which  makes  astronomy, 
regarded  from  an  intellectual  point  of  view,  the  most  exact,  the  most 
admirable,  the  most  sublime  of  all  the  natural  sciences.  We  refer 
to  the  laws  of  the  motions  of  the  celestial  bodies,  and  to  the  formulae, 
so  simple  in  appearance  to  us,  which  have  demanded  so  much  mental 
labour,  time,  and  genius  for  their  discovery, — precious  conquests  of 
the  mind,  which  have  enabled  man  to  penetrate  even  into  the  very 
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heart  of  celestial  phenomena ;  to  cliseover  their  causes  and  relation- 
ships, and  pennit  us  now-a-dayn  to  predict  the  return  of  the  pheno- 
mena and  to  ealeuhite  the  variations  ^i-ith  ineomparyble  precision. 

Thanks  to  these  laws,  the  motions  of  the  celestial  bodies,  their 
distanet^s,  dimensions,  and  even  weights,  have  been  traced » calculated, 
and  valued.  The  relative  positions  of  the  bodies  of  the  solar  system 
— planets  and  satellites,  and  even  comets — positions  so  extremely 
variable,  influenced  by  so  many  causes,  can  be  assigned  long  before- 
hand, iind  thus  famish  to  the  other  sciences,  and  even  to  practical 
men — our  sailors,,  to  wit,' — most  important  data. 

It  is  not  in  a  popular  treatise  on  the  physical  phenomena  of  the 
Heavens,  such  as  the  present,  that  an  account  of  these  laws,  rigorous 
in  its  treatment,  will  be  expected ;  to  give  this,  it  would  be  necessary 
to  call  to  our  aid  the  mathematical  sciences,  the  language  of  which, 
though  so  clear  to  those  who '  have  made  it  their  special  study,  is, 
nevertheless,  purely  enigmatical  to  the  uninitiated. 

But  it  must  not  be  imagined  from  this  remark,  that  it  is  im- 
possible for  our  readers  to  gain  an  idea  of  these  laws,  or  that  they 
are  confined  in  a  sanctuary  w^here  the  vulgar  can  enter  not.  To 
those  whom  a  rigorous  mathematical  demonstration  would  avail 
nothing,  a  clear  and  well  -  detined  exposition,  and  apt,  if  even 
familiar,  comparisons,  are  often  sufiicient  to  enable  the  mind  to 
see  the  law  and  the  tlrift  of  the  method.  And  for  such  who  love  to 
render  a  reason,  and  to  take  nothing  upon  trust,  this  present  Third 
Part  is  written. 

The  laws  of  planetary  motion,  as  announced  by  Kepler,  and  of  ^ 
gravity  discovered  by  Galileo,  and  extended  by  Newton  to  the 
heavens;  the  secondary  phenomena  which  result  from  these  lund- 
amental  laws,  such  as  planetary  perturbations  and  the  tides;  the 
magnificent  hj^jothesis,  by  means  of  which  Laplace  has  explained 
the  origin  and  foimation  of  our  system,  wiR  occupy  the  First  Book. 
These  will  be  followed  by  an  account  of  the  methods  which  have 
been  employed  by  our  philosophers  to  measure  the  distances  of  the 
Moon,  Sun>  and  Stars  ;  and  we  hope  our  account,  will  enable  those  who 
still  suspect  the  possibility  of  such  measures,  to  be  convinced  of  the 
solidity  of  the  methoAs  employed.  Lastly,  we  sliall  bring  the  volume 
to  a  close  by  a  description  of  the  principal  instruments  employtnl  by 
astronomers,  and  of  one  of  those  edifices,  held  by  some  to  be  shrouded 
in  mystery,  where,  in  the  silent  night,  so  many  men,  devoted  to 
science,  have  explored  iind  still  explore  the  depths  of  heaven. 
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I. 

KEPLER'S    LAWS. 


The  Planets  describe  Ellipses  round  the  Sun — Law  of  Areas— Connexion 
l)etween^  ,the  time  of  Revolution  and  the  Mean  Distances  of  the  Planets 
from  the  Sun.  , 

Copernicus,  by  his  discovery  of  the  movement  of  the  Earth  and 
Planets  roimd  the  Sun,  laid  the  foundations  of  modern  astronomy. 
Galileo  strengthened  the  building  by  basing  the  system  upon  new 
proofs.  But  the  real  form  of  the  Earth's  orbit,  and  that  of  the  other 
planets,  and  the  .velocity  with  which  they  moved  in  the  various 
portions  of  those  orbits,  and  their  relative  distances  from  the  central 
body,  remained  still  unknown  for  some  time,  although  the  deter- 
mination of  these  problems  was  indispensable  for  the  fixture  progress 
of  the  science.  For  this,  however,  we  had  not  long  to  wait.  Thanks 
to  the  genius  and  the  perseverance  of  Kepler,  in  less  than  a  century 
these  different  problems  were  completely  solved.  Taking,  as  the 
basis  of  his  researches,  the  observations  of  his  master,  Tycho  Brahe, 
this  great  man,  after  seventeen  years  of  unflagging  toil,  discovered 
three  laws  to  which  posterity  has  attached  his  name.  We  will  now 
endeavour  to  give  an  idea  of  these  laws,  which  will  complete  what 
we  have  written  on  the  Solar  System. 

We  know  that  a  planet  in  moving  round  the  Sun  describes  a 
continuous  cui^ing  line,  each  point  of  which  lies  in  an  ideal  plane, 
which  passes  through  the  centre  of  the  Sim.  Such  an  orbit  is  named 
in  geometry  "  a  plane  curve."  Now,  what  is  the  form  of  this  curve, 
and  what  is  the  exact  position  occupied  by  the  Sun  in  this  plane  ? 
Kepler's  first  law  answers  these  two  questions. 

The  orbit  of  each  planet  is  an  oval  curve — ^an  ellipse.  How,  then, 
can  we  regularly  define  an  ellipse  P 
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Take  a  thread,  the  extremities  of  which  ure  uttnched  to  two  nails 
i)V  pins;  press  these  iiaiU,  or  pins,  into  u  sheet  of  pajKn^  or  a 
board,  or  any  plain  »ui*fiiee  on  which  the  enrve  in  (|ue.stion  may  be 
tniced ;  but  take  care  that  the  thread  is  longer  than  the  distance 
between  the  two  fixed  points.  This  done,  by  the  aid  of  a  peneil 
stretch  the  thread  till  it  is  tight,  in  sueh  a  inaoner  that  the  point  of 
the  pencil  can  travel  over  the  surfaee  destined  to  I'eeeive  its  trace. 
Then  let  the  peaeil  move  nlong  the  thready  the  latter  being 
always  tightly  strctchcil,  and  the  point  will  traee  part  of  a  eurve, 
whieh  can  be  easily  completed  by  afterwards  placing  the  thread 
and  the   peneil   on  the  other  side  of  the  line  which  joins  the  fixed 


points.  Fig.  176  shows  how  this  may  he  done,  and  gives  also  the 
form  of  the  curve  obtained. 

Such   is  the  line  which  in  geometry  is  termed  an  vifipH^. 

The  two  points,  at  which  the  extremities  of  the  thread  are  fixed, 
have  received  the  name  tyf/oel,  and  the  two  portions  of  thread,  which 
connct?t  these  ioei  with  eacli  point  of  fhe  ellipse,  are  calle<l  the  rmfH 
revfoim  of  this  point. * 

It  is  easy  to  see  that  this  curve  is  elonpfatefl  in  the  direction  of 
the  line  which  joins  the  iV>ci.  The  line  \  a  is  cidlcd  the  majftr  r?.m 
of  the  ellipse,  the  middle  point  of  the  major  axis  is  the  centre  of 
the  curve. 

*  As  the  length  of  the  thread  remauiB  constant,  tlie  sum  of  the  raJii  vectores 
is  the  same  for  all  points  of  the  eUipse.  This  property  sencs  to  detine  this 
curve. 
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If,  still  retaining  the  same  foci,  we  describe  other  ellipses  with 
shorter  threads,  we  shall  obtain  figures  more  elongated.  The  con- 
trary will  happen  if  we  use  threads  of  greater  length.  In  the 
latter  case,  the  ellipses  will  gradually  approach  the  form  of  the 
circle  ;  they  will  never,  however,  absolutely  reach  the  circular  form. 

Lastly,  if  with  a  thread  of  the  same  length  we  increase  or  decrease 
the  distance  between  the  foci,  the  same  difierences  of  form  will  be 
obtained.  In  this  case,  the  length  of  the  major  axis  will  remain 
the  same,  but  the  more  the  foci  are  separated,  the  more  oval  will 
become  the  curve ;  contrariwise,  the  nearer  they  are  together  the 
nearer  the  figure  will  resemble  a  circle,  finally  becoming  one  when 
the  foci  are  situated  in  a  single  point. 

We  shall  now  be  able  to  understand  Kepler's  first  law. 

Each  planet  describes  round  the  Sun  an  orbit  of  elliptic  form,  and 
the  centre  of  the  San  ahcays  occupies  one  of  the  foci. 

We  have  already  seen,  that  the  dimensions  of  the  orbits  described 
by  the  planets  difier  among  themselves,  and  that  the  ellipticity  of 
these  orbits  is  far  from  being  the  same  for  all.  Some  orbits  are  nearly 
circular,  as  for  instance,  those  of  the  Earth,  of  Neptune,  and  especially 
of  Venus.  Others  are  more  elongated  in  shape  ;  those  of  Mercury  and 
of  the  Asteroids  which  lie  between  Jupiter  and  Mars.  Lastly,  the 
comets  of  our  system  have  the  most  elongated  orbits,  and,  among 
them,  that  of  Ilalley's  is  the  most  decided. 

It   evidently   follows,  from  Kepler's  first  law,  that  the  distance 
of  a  planet  from  the  Sun  varies  continually  during  its  revolution, 
and  takes  all  possible  values  between  the  extreme  limits,  which  cor- ' 
resjM)nd  to  the  two  positions  occupied  by  the  planet  at  the  two  extre- 
mities of  the  major  axis  of  the  orbit. 

Is,  then,  the  velocity  of  a  planet's  motion  always  the  same  in  the 
different  parts  of  its  orbit  ?  No.  The  movement  is  by  so  much  the 
more  rapid,  as  the  planet  is  nearer  the  Sim.  Kepler's  second  law 
shows  us  how  this  velocity  varies. 

Let  us  take  a  planet  in  different  positions  in  its  orbit,  and  let  us 
mark  off  on  the  orbit  arcs  described  by  a  planet  in  the  same  time, 

p,p.,p.p„p,P5. 

We  have  said  that  the  velocity  varies ;  this  evidently  is  the  same 
as  saying,  that  the  paths  described  in  equal  times  are  of  unequal 
length  ;  so  that  the  difficulty  consists  in  finding  some  connexion 
between  these  constant  variations  in  length.  Let  us  insert  the 
planet's  radii  rectorcs,  in  each  of  the  positions  chosen ;  we  shall  by 
these  means  form  as  many  triangles  as  there  are  arcs  imder 
consideration.     Now,   the  surfaces  or  areas  of  these  triangles,   of 
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which  the  bases  are  formed  by  the  arcs  described  in  equal  times, 
are  always  equal.  And  therefore,  if  the  length  of  time  be  doubled, 
tripled,  &c.,  the  areas  of  the  triangles  will  be  doubled,  tripled,  &c. 

Kepler,  therefore,  thus  announced  his  second  law. 

The  areas,  described  or  passed  aver  by  the  radii  rectores  of  a  planet 
round  the  solar  focm,  are  proportiofiate  to  the  time  taken  in  describing 
them, 

Now,  it  clearly  follows  from  this  second  law,  that  the  arcs 
described  in  equal  times  are  smaller  as  the  planet  recedes  from  the 
Sun,  and  become  greater  as  the  Sim  is  approached.  The  triangles 
gain  in  breadth  what  they  lose  in  length,  and  their  areas  remain 
constant.  In  other  words,  the  planet  moves  faster  the  nearer  it  is 
to  the  Sun. 

Kepler's  first  two  laws  apply  not  only  to  the  orbits  of  the  planets, 


Fig.  177. 

but  to  those  of  their  satellites.  Thus,  the  curves  described  by  the 
Moon  round  the  Earth  considered  fixed,  is  an  ellipse,  and  our  globe 
occupies  one  of  the  foci.  More  than  this,  the  velocity  of  our  satellite 
is  such,  that,  if  we  divide  its  orbit  into  lengths  passed  over  in  equal 
times,  all  the  triangles  formed  by  the  radii  rectores  of  the  Moon  in 
its  dificrent  positions  will  have  a  surface  of  similar  extent. 

We  now  come  to  Kepler's  third  law,  that  which  cost  him  much 
more  labour.  More  abstract  than  the  first  two,  though  equally 
simple  ill  its  enunciation,  it  is  of  the  last  importance  for  a  proper 
coniproheiision  of  the  subject,  and  merits  in  every  way  our  attention. 

Tli(>  first  two  laws  deal  with  each  planet  considered  by  itself, 

*  In  planetary  orbits  one  focus  only  is  considered — that  in  which  the  Sun  is 
placed.    Ill  each  position  of  the  planet,  therefore,  there  is  but  a  single  raditu 
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and  would  hold  good  if  the  system  were  only  composed  of  two 
bodies,  the  Sun  and  a  planet.  The  third  law  establishes  a  relationship 
between  every  planet  in  the  system. 

We  must  here  again  call  attention  to  the  fundamental  fact,  that 
tlic  mean  distances  of  the  different  planets  from  the  Sun  contin- 
ually increase  from  Mercury  to  Neptune,  and  the  same  thing  holds 
good  for  their  revolutions  round  the  Sun.  But  what  relationship 
exists  between  the  length  of  these  periods  and  the  distances,  or,  in 
other  words,  between  the  periods  of  revolution  and  the  major  axes  of 
the  orbits  ?  Such  is  the  problem  resolved  by  the  third  discovery 
of  Tycho  Brah^'s  disciple. 

We  will  write,  in  two  separate  columns,  the  periods  of  the  revo- 
lutions of  the  principal  planets,  mean  days,  and  double  their  mean 
distances  from  the  Sun  in  thousandths  of  double  the  mean  distance 
of  the  Earth,  as  follows  : — 


Periods  of  Revolution.      Double  mean  Distances  from  tbu 

Days. 

Sun,  or  Major  Axes. 

Mercury 

87-97 

387-1 

Venus   . 

224-70 

723-3 

The  Earth 

365-26 

1000-0 

Mars 

686-98 

1523-7 

Jupiter 

4332-58 

5202-8 

Saturn    . 

10759-22 

9538-8 

Uranus 

30686-82 

19182-7 

Neptune 

60126-72 

30040-0 

Let  now  the  periods  of  revolution  be  multiplied  by  themselves. 
To  multiply  a  nimiber  by  itself,  is  to  form  what  is  called  its  square. 
This  first  very  simple  operation  will  then  give  the  square  of  the  period 
of  the  revolutions  of  the  planets  ;  this  will  form  another  new  colimin. 
Let  us  pass  to  the  second ;  multiply  each  number  which  represents 
the  major  axis  of  the  orbits  by  itself,  this  will  give  the  squares  of 
these  axes.  Now  multiply  each  of  these  squares,  not  by  itself,  but 
by  the  figures  in  the  colunm  which  represent  the  major  axis,  this 
will  give  the  cubes  of  the  major  axis,  and  we  shall  have  a  second  new 
column.  This  done,  let  us  compare  two  squares  in  the  first  colunm, 
and  two  corresponding  cubes  in  the  second  one.  Divide  one  square 
by  the  otlier,  this  will  give  us  their  ratio ;  divide  in  like  manner 
the  two  cubes,  and  let  us  compare  the  quotients.* 

AVe  .shall  find  them  equal.     And  this  will  happen  whichever  two 

*  liCt  us  tiikc  Venus  and  Jupiter  for  examples.  The  squares  of  the  times 
are  for  Venus  504900900,  and  for  Jupiter  187712494564.  The  cubes  of  the 
major  axis  are,  for  Venus  378,391,648,  for  Jupiter,  140,835,258,325.  Divide 
one  square  by  the  other,  the  quotient  is  372.     Divide  one  cube  by  the  other,  the 
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planets  we  take.  Kepler's  third  law,  therefore,  is  enunciated  as 
follows : — 

TI^  squares  of  the  times  of  revolution  of  the  planets  round  the  Sun 
are  proportional  to  the  cubes  of  their  major  axes. 

Thus,  we  need  only  know  the  time  of  revolution  of  the  planets, 
to  deduce  their  major  axes,  and,  as  a  consequence,  their  mean  distances 
from  the  Sun.  And  if  we  know  the  absolute  value  of  one  of  these, 
we  know  the  absolute  value  of  alL  Thus,  the  knowledge  of  the 
relative  distances  of  the  different  bodies  of  the  system  depends 
upon  the  knowledge  of  one  only,  that  of  the  Earth,  for  example* 
Further  on,  we  shall  endeavour  to  give  an  idea  of  the  method  which 
enables  us  to  investigate,  how  many  radii  of  the  Earth,  or  how  many 
miles,  bridge  over  the  distance  which  separates  us  from  the  centre  of 
our  system.  We  may  also  add,  that  Kepler's  third  law  applies  to 
the  satellites  of  any  given  planet ;  that  is,  it  has  been  foimd  to  hold 
in  the  cases  of  the  satellites  of  Jupiter,  Saturn,  and  Neptune. 

quotient  is  still  372.  These  quotients  would  change  if  we  took  other  planets 
for  examples,  but  they  would  still  be  equal  to  each  other,  and  it  is  this  equality 
which  forms  the  subject  of  Kepler's  third  law. 


UNIVERSAL  GRAVITATION.  449 


II. 


UNIVERSAL  GRAVITATION. 

Gravity  on  the  Surface  of  the  Earth  —  Law  of  the  Diminution  of  the  Force  of 
Gravity  with  increased  Distance — The  Fall  of  the  Moon  towards  the  Earth — 
Gravitation  b  universal — How  the  Sun  and  Planets  are  weighed. 

Everything  visible  and  tangible,  or,  more  strictly,  everything  exist- 
ing in  a  solid,  liquid,  or  gaseous  state,  with  which  we  are  acquainted 
on  our  planet,  is  subjected  to  the  law  of  gravity,  or,  in  other  words, 
has  weight.  What,  then,  do  such  expressions  as  "weighty,"  or 
"heavy  bodies,'*  and  "weight"  mean?  This,  namely,  that  every 
portion  of  matter  left  to  itself,  either  in  the  atmosphere  or  in  raeuo, 
falls  in  the  direction  of  the  vertical  of  the  place  on  which  it  falls. 
That  if  the  body  be  sustained  and  remains  in  equilibrium,  or  in  repose 
on  a  surface,  it  still  exercises  a  force — a  pressure  on  whatever  hin- 
ders it  from  falling  lower,  a  force,  of  which  it  is  easy  to  convince 
ourselves  by  noting  the  eflfort  made  by  the  hand,  when  it  forms  the 
supporting  surface.* 

Experience  proves  that  the  direction  of  this  force,  known  under 
the  name  of  "  gravity,"  lies  always  in  a  vertical  line ;  that  is  to  say, 
in  a  line  perpendicular  to  the  horizon,  or  to  the  surface  of  water  at 
rest.  But  as  the  Earth  is  sensibly  spherical,  the  verticals  of  the 
various  places  all  tend  towards  the  interior  of  the  sphere,  very  nearly 
to  the  actual  centre  itself. 

We  owe  to  Ghdileo  the  study  of  the  laws  of  gravity ;  those  which 
come  into  play  in  the  fall  of  bodies  on  the  surface  of  our  globe. 
Since  the  time  of  this  great  man,  it  has  been  discovered  that  gravity 
is  a  force  inherent  to  the  matter  even  of  which    the  terrestrial 

*  If  the  body  in  question  be  sustained  by  a  spring,  the  constant  tension  of 
this  spring  also  afibrds  evident  proof  of  the  constancy  of  the  force  of  gravity. 
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globe  is  composed ;  it  is  known,  that  the  energy  with  whith  it  is 
exercised  di'pimds  on  the  diatimcc  of  the  hody  which  is  influenced, 
so  that  the  eoerg)'  increases  when  the  distance  diminishes,  and  de- 
crea^nes,  on    the  contrary,  when  the  distance  liugnienti^. 

For  example,  the  flattening  of  the  two  poles  of  the  terrestriiil 
globe,  or,  what  amonnts  to  (he  same  thing,  the  swelling  of  the 
spheroid  towards  the  equatorial  regions,  causes  the  diatanee  from  the 
surfaee  to  the  centre  of  the  globe  to  increase  continoally  as  the 
equator  is  approaehtni.  It  should  therefore  follow,  that  the  attraction 
of  the  Earth  on  heavy  bodies  m  exereised  with  much  greater  in- 
tensity  at  the  poles  than  at  the  equator.  This  fact  is  abundantly 
proved  by  observation. 

The  law  which  regulates  this  diminution  of  the  force  of  gra\4ty, 
when  the  distance  of  the  heavy  body  from  the  centre  of  the  Earth 
increases,  is  as  follows  :■ — 

To  imderstand  the  law  well  in  its  simplicity,  let  us  imagine  a 
heavj^  body  placed  on  the  sui'face  of  the  Earth,  and  consequently 
distant  from  the  centre  by  the  length  of  the  Earth's  radius,  or  in 
round  numbers  4000  niOea.  Let  us  place  it  twice,  three  times,  four 
tiities  .  .  .  ten  times  further  away.  The  action  of  gravity  on  this 
body  will  be  four  times  less  at  8000  miles— that  is  to  say,  at  the 
second  position ;  nine  times  less  at  the  following  position,  sixteen 
times,  ...  a  hundred  times  less  at  the  consecutive  distances;  in 
aueh  a  manner,  that  when  the  distances  increase,  following  the  num- 
bers 1,  2,  3,  4,  5,  .  .  .  10,  &c.,  the  force  of  gravity  diminishes  in  the 
proportion  of  the  squares  of  these  same  numbers,  or  becomes 
1,  4,  9,  16,  25  .  *  .  100  times   less,   and  so  on. 

The  force  of  gravity  is  measure<l  by  the  space  fallen  through 
during  the  tii'st  second  of  the  bcnly^s  faU.  So  that,  if  experiment 
shows  that  a  lx)dy  rcHjuii^^s  a  second  to  fall  from  a  height  of  sixteen 
feet  to  the  surface  of  the  Earth,  when  it  is  removed  to  a  distance 
double  that  of  the  terrestriid  radius,  it  mil  not  travel  more  than  four 
inches  during  the  lirst  second  of  its  fall ;  at  a  distance  sixty  times 
as  great  as  the  ratliuB  of  the  Earth,  it  would  not  foil  more  than  the 
T^'^th  part  of  an  inch. 

ThLw  number  gives  precisely  the  measure  of  the  diminution  of 
the  energy  of  terrestrial  gravity  on  a  heavy  body  situate  in  space 
at  the  mean  distance  of  the  Moon. 

If,  then,  the  Earth  exercises  its  action  on  bodies  situated  at  what- 
ever distances  in  space,  it  ought  to  act  on  the  Moon,  and  its  action 
should  be  precisely  equal  to  that  which  we  have  just  calcidattHl. 
Such  is  the  question  which  the  genius  of  Newton  put  to  him,  and 
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which  he  solved,  when  he  showed  that  the  Moon,  in  moving  in 
its  ciirvihnear  orbit,  falls  towards  our  Earth  that  veiy  quantity  in 
a  second.  It  is  this  incessant  fall,  combined  with  the  centrifiigal 
movement,  which,  if  left  to  itself,  would  impel  the  Moon  into  space, 
which  prrxluces  the  elliptical  movement  of  our  satellite  in  her  orbit. 

Such  is  the  bold  generalisation  which  served  as  a  point  of  de- 
parture to  the  great  geometer  whom  we  have  just  named. 

lie  went  further ;  he  penetrated  m.ore  profoundly  into  the  secret 
of  the  sublime  mechanics  which  nde  the  celestial  bodies*  (|Ie  extendefl 
to  all  the  bodies  of  our  solar  system  this  lawi  which  is  sometimes  ciJled 
'*  the  law  of  attraction/'  but  more  correctly,  **  the  law  of  gravitation/* 

Newton  showed,  that  if  the  planets  move  round  the  Sun,  describ- 
ing elliptical  curves,  according  to  the  laws  the  discovery  of  which 
is  due  to  Kepler,  it  is  because  that  they  ai*c  submitted  to  a  con- 
stant force,  located,  as  it  were,  in  the  Sun, — a  force  the  direction  of 
which  is  that  of  a  radius  vector,  or  a  right  line  which  joins  the 
planet  and  the  common  focus.  He  showed,  also,  that  all  the  circum- 
stances of  the  movements  of  the  planets  are  well  explained  by 
8uppi3sing  that  the  force  of  gravitation  is  gravity  itself,  exercised 
by  the  Sun  on  the  planets  in  the  inverse  ratio  of  the  squares  of  their 
distances. 

Thus,  the  same  force,  which  precipitates  on  to  the  surface  of  the 
Earth  bodies  abandoned  to  themselves,  is  that  whi<*h  maintains  the 
Moon  in  its  orbit.  It  is  a  force  of  similar  nature,  exercised  hy  the 
preponderant  body  of  the  system — the  Sun — which  also  maintains 
tlie  planets  and  the  comets  in  their  elliptical  orbits,  and  prevents 
them  from  losing  themselves  in  space,  following  the  impulse  with 
which  they  are  animated,  and  thus  breaking  up  our  system. 

By  what  series  of  reasonings,  ideas,  calculations,  and  verifica- 
tions, Newton  arrived  at  this  great  discovery,  we  cannot  in  this 
place  narmte*  Nevertheless,  it  is  as  weU  to  know,  that  Kepler*s 
second  law  relative  to  the  equality  of  the  areas  fonned  the  start- 
point  for  his  demonstration  of  the  tendency  of  the  unknoT^Ti  force  to 
act  towards  the  Sun ;  as  he  found  that  it  necessarily  acted  in  the 
direction  of  a  radius  vector. 

The  third  law  of  Kepler,  combiner!  with  the  second,  led  Newton 
to  another  inference,  namely,  that  the  force  varie^s  in  the  inverse 
ratio  of  the  distances.  Lastly,  he  showed  that  the  elliptical  fonn  of 
the  planetary  orbits  follows  from  the  ver}^  law  of  the  variation  of  the 
fbrce  in  question.  The  nature  of  the  substances,  of  which  the  various 
planets  are  composed,  is  quite  independent  of  the  mode  of  action 
of  gravity,  so  that  the  mass  of  the  Sun  would  act  with  an  equal 
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energy  on  a  unit  of  the  muss  of  all  the  planeta,  if  they  wcro  all 
phu^ed  at  the  mtne  distanee  from  the  eommun  i-entro. 

But  as,  by  virtue  of  a  universal  principle  of  mechanics,  eveiy 
action  of  one  material  body  on  another  net^essarily  supposeB  a  re- 
action, that  is  to  say,  an  action  equal  and  in  a  contrary  direction, 
it  follows,  that  if  the  Earth  and  the  other  bodies  of  the  solar  Bystcm 
gra\itate  towards  the  Sun,  the  Sun  also  gravitates  towardt?  eacih  of 
thcTU*  The  same  laws  ride  in  each  secondary  world,  composed  of  a 
central  planet  and  its  satellite. 

Modern  investigations  in  tlie  field  of  sidereal  astronomy  have 
extended  these  laws  to  the  systems  composed  of  two  or  many  suns, 
and  the  force  thus  shown  to  he  diffused  everywliere  in  space,  has 
taken  the  IcgitiniMte  name  of  t(ttinrmi  fpyrtifatmt ;  **  all  the  mole- 
cuk^H  of  matter  gravitate  towards  each  other  in  the  rat  it*  of 
flicir  mass^es,  and  rc^ciprocuUy  as  the  squares  of  their  mutual  ilis- 
tances,*' 

We  will  here  teiTuinate  these  considerations — ^  which  will  be  con- 
sidered abstnict  ones  perhaps,  but  which  it  is  im possible  to  pjiss  by 
in  silence  in  an  astronomical  work — with  a  word  on  one  of  the  truths 
of  that  science  which  is  so  darings  not  fjo  say  venturesome,  in  its 
attacks  upon  nature.  We  refer  to  the  statistics  given  in  astronomical 
treatises  on  the  mass  or  weight  of  the  difierent  celestial  bodies.  Is 
it  possible  to  know  the  weight  of  a  star,— of  the  Snn,  for  instance? 

We  must  first  well  understand  what  that  means.  This  is  not  a 
question  of  minute  quantities;  and  if  we  have  expressed  in  billions  of 
tons  the  weight  of  the  8un,  it  has  been  for  the  puriM>S4'  uf  jdacing  in 
relief  the  immensity  of  the  Sun's  mass^  or  that  of  the  other  members 
of  the  systeru. 

Astronomers  take  a  unit  of  mass  or  of  weight  in  connexion  with 
the  quantities  which  tliey  would  measure.  They  take  for  the  purpose 
of  comparison,  either  the  mass  of  the  Snn  or  the  mass  of  our  globe. 
Ho  that  the  question  Is  in  some  measure  transformed  into  an- 
other : — 

How  many  times  is  the  mass  of  the  Snn  greater  than  t!ie  mass  of 
the  Ear  til? 

If  it  were  possible  to  place  our  globe  and  the  Sun  successively  in 
presence  of  the  same  body,  and  then  to  mwisure  the  force  with  which 
each  of  the  two  bodies  would  act  on  the  third  at  the  same  distmice, 
the  problem  would  be  sohed.  For  example,  we  should  determine 
the  Hj>ace  travelled  by  the  Ixjdy  in  a  swond  of  time  towards  the 
Earth,  then  the  space  travelled  in  the  same  time  by  the  body  towards 
the  Sun,     These  two  distunces,  expressed  in  numbers  by  means  of  the 
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same  unit,  would  evidently  give  the  ratio  of  the  masses  of  the  Sun 
and  of  the  Earth  respectively. 

Well,  at  the  surface  of  our  globe,  experiment  tells  us  that  a  heavy 
body  traverses  during  the  first  second  of  its  fall  sixteen  feet ;  *  and, 
as,  according  to  Newton's  theory,  the  attraction  of  a  sphere  acts 
on  external  bodies  as  if  the  entire  mass  of  the  sphere  were  con- 
centrated at  its  centre,  we  can  and  must  consider  the  heavy  body 
falling  on  the  surface  of  the  terrestrial  globe,  as  situated  at  a  dis- 
tance from  the  centre  of  attraction  equal  to  the  radius  of  the  Earth. 
Let  us  bear  this  in  mind. 

The  mass  of  the  Earth,  then,  acting  on  a  body  situated  at  a  dis- 
tance of  4000  miles,  causes  it  to  fall  16  feet  in  one  second.  On 
the  other  hand,  the  Earth  itself  gravitates  towards  the  Sun ;  the 
orbit  which  it  thus  describes  in  a  year  shows  how  much  it  falls 
towards  the  Sun  during  the  first  second  of  fall.  The  distance  is 
found  to  be  '0099  feet.  But  we  must  bring  this  measure  of  the 
attractive  energy  of  the  Sun  to  what  it  would  be  at  a  distance  from 
its  centre  equal  to  4000  miles,  or  to  the  terrestrial  radius,  a  distance 
23,984  times  smaller  than  the  Sun's  actual  distance. 

The  law,  by  which  Newton  found  that  the  intensity  of  gravitation 
varies,  indicates  that  the  preceding  number  must  be  multiplied  by 
the  square  of  23,984.  Efi*ecting  this  operation,  this  second  result  is 
arrived  at : 

The  mass  of  the  Sun,  acting  on  a  body  situated  at  a  distance  of 
4000  miles  from  its  centre,  causes  it  to  travel,  in  the  first  second, 
5,708,763  feet,  or  1075  miles. 

We  can  now  compare  the  mass  of  the  Sun  with  that  of  the  Earth, 
since  we  know  the  actions  of  these  two  masses,  on  a  body  situated 
,  at  the  same  distance  from  their  centres  ;  and  it  is  clear,  that  the  mass 
of  the  Sun  is  by  so  much  greater  than  that  of  the  Earth,  as  the 
nimiber  5,708,763  is  greater  than  16.  Dividing,  we  find  in  round 
numbers  355,000. 

We  must  have,  then,  355,000  globes  of  the  same  weight  as  ours 
to  balance  the  Sun. 

To  solve  this  problem,  it  has  been  necessary  to  know  the  velocity 
of  fall  of  a  heav}'  body  on  to  the  planet.  This  element  is  directly 
observable   on  the  surface   of  the   Earth.    In   planets   which  have 

*  [This,  of  course,  varies  at  different  distances  from  the  equator,  for  a  reason 
we  have  already  stated.    The  distance  is  more  correctly  as  follows  :— 

16  feet  Oi  inches  at  the  Equator. 

16    „     1        ,,      at  London. 

16    „     li      „      at  SpitzlJergen.] 


454  THE  LAWS  OF  ASTRONOMY. 

satellitos,  this  velocity  is  deduced  from  the  moyements  of  these 
sccroiidary  bodies  in  their  orbits.  In  the  case  of  the  planets  without 
Btitollitcs,  it  is  not  possible  to  calculate  in  this  manner  the  force  of 
«»:riivity  on  them.  But  by  studying  the  influence  of  their  masses  on 
I  lie  other  planets,  and  the  perturbations  which  they  cause  in  their 
movements,  we  have  arrived  at  data  equally  precise  in  the  case  of 
all  the  masses  of  the  bodies  of  the  solar  world,  compared  either  to  the 
mass  of  the  Sun,  or  to  that  of  our  globe. 
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III. 

Precession  of  the  Equinoxes— Nutation — Planetary  Perturbation. 

The  rotation  of  the  Earth  on  its  axis  produces  day ;  its  translation 
round  the  Sun  gives  the  year.  But,  in  the  same  manner  as  we  have 
distinguished  two  kinds  of  day,  the  one  sidereal,  the  invariable  dura- 
tion of  which  is  due  to  the  movement  of  rotation,  the  other  solar, 
which  varies  in  length  in  the  course  of  a  terrestrial  revolution,  in  the 
same  maimer  also  astronomers  distinguish  two  years — the  ttopical 
and  the  sidereal. 

If  we  consider  the  time,  which  elapses  between  two  successive 
passages  of  the  centre  of  the  Earth  to  the  same  equinox,  the  spring 
equinox,  for  example,  we  have  what  is  called  the  tropical  year,  the 
length  of  which,  expressed  in  mean  days,  is  365 '242264  days.  If, 
instead  of  thus  defining  the  year,  we  take  the  time  which  the  Earth 
requires  to  return  to  the  point  of  its  orbit,  in  which  the  Sun  appears 
to  coincide  with  the  same  point  of  the  heavens — with  the  same  star — 
we  have  the  sidereal  year,  the  duration  of  which,  expressed  in  mean 
days,  is  365*2563835  days.  The  sidereal  year  exceeds,  then,  the 
tropical  year  by  about  20  minutes  20  seconds. 

Whence  comes  this  difference,  and  how  can  we  explain  it  by  the 
movement  of  the  Earth  in  its  orbit?  Let  us  remember  that  the 
equinox  occurs  when  the  plane  of  the  terrestrial  equator  passes  pre- 
cisely through  'the  centre  of  the  Sun.  If  this  plane  remained  in- 
variably parallel  to  itself,  its  line  of  intersection  with  the  plane  of 
the  ecliptic  would  keep  likewise  the  same  parallelism ;  and  it  would 
be  always  at  the  same  point  of  the  orbit  of  the  Earth  that  the  suc- 
cessive equinoxes  would  take  place.  There  would  not  be,  then,  any 
differences  between  the  length  of  the  tropical  and  sidereal  year.  The 
length  of  the  latter  being  the  greater,  shows  that  the  equinoxial 
point  has  fallen  back,  so  that  the  Earth  arrives  earlier  at  this  point 
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than  it  would  have  done  if  it  had  remained  imniovable.  Hence 
the  niimc  of  preeiJiismt  of  the  cqtnrioxt'H  given  to  tliia  phenomenon, 

Whiit  follows  Irom  this  fact  ?  That  when  the  Earth  occupies  the 
siime  positions  in  its  orbit  year  by  year,  the  Siin  eorrespondH  with 
stars  more  and  more  to  the  east,  so  that,  little  by  little,  and  pro- 
gressivelvj  the  a.speet  of  the  eonst'ellations  seen  at  the  same  seasons 
is  changed. 

Let  us  analyse  still  more  the  phenomenon  in  question.  To  say  that 
the  equinox  falls  back  or  retrogrades  is  the  same  as  saying,  that  the 
plane  of  the  equator  has  varied  in  position ;  and  as  the  axis  of  the 
Earth  i.s  always  perpendicular  to  this  plane,  it  follows  that  this  axis 
has  not  remained  rigorously  parallel  to  itself.  We  know,  indeed,  that 
it  varies  in  direction,  still,  however,  preserving  the  same  angle  with 
the  ecliptic,  in  such  a  way  as  to  describe  an  entire  cone  in  an  interval 
of  about  25,870  years ;  so  that  at  the  end  oi'  this  period,  the  equi- 
nox, having  accomplished  an  entire  revolution  on  the  terrestrial 
orbit,  returns  to  occupy  its  initial  position. 

The  terrestrial  axis,  in  executing  this  slow  movement  on  the 
surface  of  the  starry  vault,  describes  a  complete  circle.  The  celestial 
poles,  therefore,  are  incesj^antly  variable,  so  that  the  fixity  w*hich  we 
ascribed  to  them  in  our  description  of  the  heavens  is  quite  relative* 
In  fact,  the  northern  pole,  now  quite  near  the  Pole  Star,  ia  still 
approaching  it.  This  diminution  of  angular  distance  will  continue 
until  the  year  2120,  w^hen  they  ^nll  not  l>e  more  than  half  a  degree 
apart .  This  epoch  passed,  the  pole  ivill  recede  from  Polaris,  will  pass 
from  the  Little  Bear  to  Cepheus,  then  over  the  borders  of  the  Swan, 
In  12,000  years,  the  bright  star  nearest  to  the  north  pole  will  be 
Vega  in  Lyra,  which  will  then  play  the  part  of  Pole  Star ;  Canopus, 
in  the  southern  sky,  will  be  equally  found  in  the  vicinity  of  the 
other  pole. 

The  phenomenon  of  the  precession  of  the  equinoxes,  discovered  two 
thousand  years  ago  by  Hipparclius,  has  during  the  last  century  been 
ascribed  to  its  true  cuuse,  of  which  wo  will  speak  a  wonl  further  on. 

Let  ITS  now  mention  another  movement  of  the  axis  of  the  Earth, 
executed  simultaneously  wdth  that  which  we  have  just  described.  Its 
period  is  much  shorter,  since  it  is  only  18|  years. 

The  conieal  movement  of  the  axis  of  the  Earth,  which  produces 
the  precession  of  the  equinoxes,  and  which  is  effected  in  about  26,000 
years,  changes  progressively  the  direction  of  this  axis,  witliout,  how- 
ever, modif)^ng  its  inclination  to  the  plane  of  the  ecliptic.  In  truth, 
however,  this  inclination  does  vary  by  reason  of  another  movement, 
which  causes  the  axis    to  ost^illate  during  each  period  of  I8|  years 
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around  the  mean  position  it  would  occupy,  were  it  influenced  only  by 
the  movement  of  pi^ecession.  The  name  of  nniatum  haa  been  f^iven 
to  this  oscillation — this  **  nciddiiitf"  of  the  axis  of  our  globe,  wliieh 
gives  rise  to  slight  ehanges,  sometimes  greater,  sometimes  les^i  in  the 
obliquity  of  the  ecliptic* 

All  these  raovemeiif s,  both  tliose  of  rotation  and  translation  round 
the  Sun,  and  thone  of  nutation  and  precession,  are  efiected  simulta- 
neously by  the  Earth,  The  motion  of  our  globe  has  often  been  com- 
pared, and  vrith  justice,  to  that  of  a  top  which,  while  turning  on  itself 
with  great  rapidity,  and  tracing  on  the  surface  wliich  supports  it  a 
hue  which  may  be  Kkened  to  its  orbit,  undergoea  also  a  balancing  of 
its  axis  of  figure  or  rotation,  analogous  to  the  ascillation«  of  the 
Earth.  There  is  this  ditference,  that  the  various  movements  of  the 
the  Earth  are  accomplished  witli  mathematical  regularity,  in  periods 
relatively  very  long,  and  according  to  laws  wliich  allow  us  each 
instant  to  assign  its  true  position  in  space. 

Having  described  the  phenomena,  let  us  indicate  briefly  how  they 
are  connected  with  the  great  law  of  the  Solar  System — with  universal 
gravitation.  If  the  Earth  were  rigorously  spherical,  the  direction  of 
its  axis  of  rotation  would  remain  always  the  same,  and  would  preserve 
indefinitely  the  parallelism  of  which  we  have  before  spoken.  The 
action  of  gravity  of  the  other  celestial  bcjdies  would  not  change  this 
direction,  if  w*e  suppose,  as  observation  shows,  that  the  terrestrial 
poles  occupy  an  invariable  position  on  the  globe.  But  it  is  known 
that  the  Earth  is  not  a  sphere,  it  is  swollen  at  the  Equator ;  it  is 
like  a  perlect  sphere,  coveral  with  padding,  the  thickness  of  wliich 
decreases  from  the  equator  to  the  pole«,  giving  rise  to  a  section 
resembling  an  ellipse.  At  the  poles  the  thickness  of  the  pad  is 
nil. 

Now,  it  has  been  proved  that  the  action  of  the  ma^s  of  the  Sun 
on  this  **  padding  '*  is  the  cause  of  the  continuous  retrograde  move- 
ment of  the  ef[iunnxial  points,  which  produces  a  corresponding  ad- 
vance of  the  sun  r>sivc  cquinoxcs-  In  the  same  manner,  the  action 
of  the  mass  of  the  Moon  on  the  same  padding  produces  an  analogous, 
but  much  more  rapid  action  ;  that  of  the  nutation  of  the  Earth. f 

This  is  still  imother  kind  of  influence  which  affects  the  movement 


♦  The  maiimum  of  these  changes  doea  not  reach  10"  of  arc, 
t  We  have  already  seen,  that  an  astronoraer  of  Alexandria,  Hipparchus,  first 
diacoveretl  the  prcccs-^ion  of  the  equinoies.  It  is  to  Bradley  (1C47),  that  the  dis- 
covery  of  nutation  is  due.  Lastly,  the  glory  f>f  binding  tirmly  these  two  [jheiioniena 
to  the  Newtonian  theory  of  gi'avitation  was  reserved  for  D'AIemberL  Laplace 
haa  since  perfected  this  beautiful  hypothesis. 
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of  the  Earth,  tmd  which  is  also  a  consequence  uf  the  Liw  of  gam* 
tation.  This  procootls  from  the  combined  actions  of  the  masses  of 
the  other  planets  on  the  mass  of  our  globe.  Am  the  actions  of  which 
we  speak  aro  reciprocal,  what  we  say  of  the  Earth  in  this  matter  is 
applicable  to  any  other  phmet ;  but  to  dwell  on  Buch  al»Htract  and 
complex  considenttioiib  us  these  would  be  to  go  beyond  the  purpose 
of  this  work.  We  will,  therefore,  confine  ourselves  to  pointing  out 
its  extreme  importance. 

Kepler *e  laws,  which  we  have  announced  and  explained,  and  from 
which  Newtcin  deduced  the  law  of  gravitation,  are  only  rigorously 
true  w^hen  wo  consider  a  single  planet  and  the  Sim.  But  as  the 
nnisses  of  the  other  planets  also  act  on  this  planet,  each  following  the 
genenil  law,  there  follows  a  series  of  raodiiications  which  periodically 
alter  its  movement.  The  inclination,  the  direction  of  the  major  axis, 
the  eccentricity  of  the  orbit,  are  elements  which  especially  vary,  in  a 
manner  changing  at  onco  the  position  and  fonn  of  the  orbit  of  the 
planet.  These  alterations  w^iiclu  very  far  from  contradicting  the 
law  of  gravitution,  most  brilliantly  confirm  it,  are  known  in  astro- 
nomy under  the  name  of  **  planetary  perturbations."  We  have  referred 
to  their  great  importance,  not  only  because  they  enable  ua  to  calcu- 
late with  precision  the  future  position  of  the  celestial  bodies  of  our 
system,  but  ag-ain,  because  they  will  serve — and  the  discovery  of 
Neptane  is  a  proof  of  our  remark — to  complete  the  knowledge  which 
we  posaeas  of  the  Solar  System. 

In  our  next  chapter  we  shall  discuss  the  action  of  the  combined 
forces  of  the  Sun  and  Moon  on  the  liquid  part  of  the  surface  of  the 
terrestrial  globe,  and  we  shall  see  manitested,  in  a  nionner  visible  to 
all,  and  in  extremely  short  periods,  the  forces,  the  perturbations,  to 
which  we  have  referred. 
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THE  TIDES. 

Phenomena  of  the  Ebb  and  Flow,  High  and  Low-water — Epochs  of  Spring-tides 
— Coincidence  of  the  Phenomena  with  the  Positions  of  the  Moon  and  Sun  — 
Theory  of  the  Tides  deduced  from  the  Law  of  Gravitation  —  Combined 
Actions  of  the  Sun  and  Moon. 

If  we  were  to  compare  the  sea  to  an  inunense  being  which  lives, 
moves,  and  breathes,  it  is  in  the  tempest  we  should  see  its  anger, 
and  in  calms  its  sleeping  hours,  whilst  the  periodical  movements  of 
the  tides  would  typify  its  regular  and  constant  respiration.  But 
these  are  poetical  fancies  on  which  we  do  not  care  to  insist.  These 
great  phenomena  of  nature  oflFer  an  interest  so  real  that  they  re- 
quire no  more  embellishment.  The  true  explanation  of  the  tides, 
moreover,  the  connexion  of  the  cause  which  produces  them  with  the 
great  theory  of  universal  gravitation,  are  quite  recent  conquests  of 
science.  It  is  scarcely  a  century  since  they  were  first  submitted  to 
calculation.  They  still  oflFer,  therefore,  to  many  the  attraction  of 
novelty. 

Every  one  knows  that  twice  a-day,  at  an  interval  of  about  12 
hours  and  25  minutes,  the  shores  of  the  ocean  present  us  with  the 
spectacle  of  the  flow  of  the  tide :  the  tide  by  degrees  rises,  gaining  on 
the  beach,  which  it  covers  to  a  greater  and  greater  height,  and  after 
six  hours  swelling  attains  its  maximum.  It  is  a  beautiful  sight  to 
see  the  agitated  waves  which  come  with  increasing  fury,  to  beat 
the  pebbles  and  the  foot  of  the  rocky  shore,  throwing  their  salt  spray 
high  into  the  air. 

Scarcely  is  the  instant  of  high-water  or  flood-tkle  attained,  than 
the  Jloio  or  rise  of  the  water  ceases  ;  the  descent  commences,  and  the 
ebb  succeeds  to  iJieflow,  The  sea  then  leaves  the  beach  which  it 
covered,  and  by  degrees  re-descends  to  its  point  of  departure ;  we 
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have,  then,  low-water  or  ebb-tide.  Then  begins  another  rising  tide, 
followed  by  an  ebb,  and  so  on. 

It  muBt  be  understocKK  tliat  the  instajit  of  low  water  is  not  at 
the  mid-interval  which  separates  two  consecutive  flood- tides,  the  flow 
being  of  much  shorter  length  tlian  the  ebb,  or,  in  other  woixl^,  the 
sea  takes  longer  to  go  down  thun  to  rise.  This  ditference  varies 
aeeording  to  the  ports;  thus,  it  is  16  minutes  only  at  Brest,  and  at 
Ha\Te  2  hours  and  16  minutes.  Such,  in  the  main,  is  the  phenomenon 
of  the  tides. 

If  we  were  conlineil  to  the  observation  of  this  periodicity  of  the 
movements  of  the  sea,  science  woidd  not  have  penetrated  very  pro- 
foundly into  the  mystery  of  their  cimses  ;  it  could  not  predict,  as  it 
now  does  correctly,  the  height  of  the  tides  at  the  diflerent  ports,  and 
the  precise  times  of  high  water,  and  thus  afford  valuable  information 
to  navigators. 

Before  commencing  our  explanation  of  the  causes,  we  will  con- 
form ourselves  to  the  natural  course  of  science,  and  look  more  closely 
into  the  facts. 

Between  two  consecutive  flood-tides  we  have,  as  we  have  statetl,  12 
hours  and  25  minutes.  It  follow^s,  therefore,  that  from  one  day  to 
another,  high- water  is  50  minut^?s  behind.  Thus,  the  daily  jx^riod 
of  the  phenonieuon  is  exactly  eq^ujd  to  the  lunar  day,  the  length  of 
which  is  also  24  hours  and  50  minutes,  on  the  average.  In  other 
words,  the  successive  retaixlatione  of  high- water  are  presented  by 
the  auccessive  transits  of  the  Moon  over  the  nieridian*  If,  then,  wo 
note  the  hour  of  high  water  in  a  port,  it  will  be  easy  to  predict  the 
hour  for  another  day.  Sailors,  profiting  by  this  fact,  make. their 
armngements  accordingly,  as  they  require  to  enter  or  leave  tho  port 
on  that  day. 

Let  us  also  notice  tliis  ;  50  minutes  of  retardation  in  one  day 
produce  in  about  14  days  and  three-quarters  a  total  retardution  of 
12  hours  ;  and  a  retardation  of  24  hours,  or  one  day,  in  29  days 
and  a  half;  that  is  to  suy,  in  tho  period  of  a  lunation.  Tlie  hours 
of  the  tides  are,  therefore,  the  same  every  15  days,  with  this 
difference,  that  the  morning  tide  bi*coraes  the  evening  one,  and  Re- 
ciprocally. At  the  end  of  a  limar  month  tho  hour  becomes  iden- 
tically the  same. 

The  facts  which  we  have  already  stated  deal  oidy  with  the  times 
of  high-water  and  their  variations.  Let  us  now  occupy  ourselves 
with  the  height  of  the  tide. 

Tliis  height  is  itself  wry  variable  for  the  same  sea  and  the  same 
port  ;  but  here  again  is  presented  a  remarkable  periodicity,  which 
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shows  that  the  phenomenon  is  eonnect-ed  with  the  relative  positions 
of  the  Sun,  Moon,  and  Earth. 

Near  the  new  iind  the  fidl  moon  the  flood-tide  attains  its  muxi- 
nmiii,  whilst  the  corresponding  low-water  deseends  to  its  lowest 
point.  These  ore  the  *^  Hprmg'tUieH^^^  or  the  ^Ukim  of  the  gyzygifH.'^ 
Tlieir  height,  then,  decreases  more  and  more,  to  the  time  of  the 
first  and  last  quarter  of  the  Moon.  We  liave,  then,  the  neap-ttfUs 
or  tides  of  the  quadmiurea.  Then,  starting  from  these  two  i>eriods, 
the  height  of  the  tide  again  increases  till  the  next  syzygies,  that  is, 
until  the  Moon  is  again  in  conjiinetion  or  opjDosition. 

But  the  highest,  like  the  hi  west  tide,  does  not  really  fall  on  the 
same  day  as  the  limar  phase ;  ^  in  every  part  of  the  ocean,  there  is  a 
mflerenee  of  36  hours  or  a  day  and  a  half  It  is,  then,  the  third  tide 
wliieh  iullows  the  full  and  the  new  Mmai,  which  is  the  highest ; 
the  lowest  tide,  which  follows  the  qnadratiu^^s,  is  also  the  third. 

These  remarkable  i-oineidences  bt^t^veen  the  times,  the  peri  wis  of 
high-water,  and  the  positions  of  the  ilmin  and  the  Sun  with  respect 
to  the  Earth,  have  given  rise  for  some  tirae  to  the  supposition  that  the 
cause  of  the  phenomenon  resides  in  these  two  l>odies.  **  CftKsa,'* 
says  Pliny,  '*  in  Sok  LvudtptfJ**  But  of  what  nature  is  their  influ- 
ence P  This  is  a  problem  which  it  has  been  given  to  niodeni  science 
to  solve.  Descartes  first  dared  to  draw  the  veil  and  sound  the  mys- 
tery ;  and  if  this  great  philosopher  did  not  succeed  in  his  attempt, 
it  was  on  account  of  his  preconceived  ideas  on  the  system  of  the 
workL  The  honour  still  remains  to  him  of  having  dared.  But  let 
us  pursue  the  study  of  facts. 

The  height  of  the  tides  again  varies  with  the  declinations  of  the 
Moon  and  Sun,  it  is  by  so  much  greater  as  the  two  bodies  are 
nearer  the  equator.  Twice  a-year,  towards  the  21st  of  March  and 
the  22nd  of  September,  the  Sun  ie  actually  in  the  Equator.  If,  iit 
the  same  time,  the  Jloon  is  near  the  same  phuie,  the  tides  which 
oc^cur  then  are  the  highest  of  aU.  Tliese  are  the  fquhioxtal  .spriutf- 
fidvH,  becau.se  the  Earth  is  then  at  the  spring,  or  autumiud  equinox. 

On  the  other  hand,  the  smallest  tides  take  place  towards  the 
snlstices ;  if  the  Jlcwn  attains  its  smallest  or  its  greatest  meridional 
height  at  the  same  time  as  the  Sun, 

Lastly,  the  distances  of  the  Moon  and  Sun  from  the  Earth  have 
also  their  influence  nn  the  height  of  the  tides.  Dther  things  being 
eqmil,  the  height  of  a  tide  is  by  so  much  greater  as  the  two  b(jdies 
are  nearer  the  Earth.  Thus,  the  tides  of  the  winter  solstice  are 
higher  than  those  of  the  summer  one. 

Such    are    the     general   circumstances    which    characterise    the 
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perifKiical  movementa  of  the  sea.  But  it  must  not  be  forgotten,  that 
they  are  n(it  the  only  ones  ;  the  force  and  directioTx  of  the  windn,  the 
coniigunition  and  direction  of  the  eoasst^,  the  depth  and  extent  of 
the  seas, — circuini^ianees  which  depend  upon  position  and  tinie— are 
8o  many  multiplied  influences  which  >^inguhirly  eomplicute  the  tides. 
Thus,  every  one  is  aware  that  isolated  seas,  like  the  Ca.spian,  or  those 
of  small  extent,  and  communicating  with  the  ocean  hy  narrow  straits, 
like  the  Black  and  Mediterranean  Seas,  have  hut  imperceptible  tides.* 
The  opposite  coasts  of  the  Atlantic,  which  face  each  other,  west 
and  eai?t,  have  very  unequal  tides.  It  is  the  same  with  the  eastern 
coasts  of  Ajsia,  which  have  strong  tides,  whilst  at  the  other  side  of 
the  Pacific,  and  in  the  Oceanic  Archijjelago,  the  flow,  which  is  very 
regular,  attains  but  little  height. 

But  speaking  only  of  the  European  ports,  the  intensity  of  the 
phenomena  is  extremely  variable,  even  in  neighbouring  places.  Let 
us  take  an  example ;  according  to  the  calculations  of  the  tides  for 
the  year  1864,t  tlie  highest  tide  wai*  tliat  which  followed  a  day  and 
a  half  after  the  full  moon  of  the  15th  September,  a  little  before  the 
autumnal  equinox;  it  occurred  on  the  17th. 

The  calculatcil  height  of  this  tide  was  at  Brest,  12  feet;  at 
Clranville,  234;  10^  feet  at  Cherbourg;  14  feet  at  Havre.  These 
niunbers,  very  dilfercnt  for  the  neighbouring  ports,  shew  only  the 
heiglit  above  the  mean  level  of  the  sea,  that  is,  the  level  the  water 
would  take  if  there  were  no  tides.  They  must  be  doubled,  if  we  wish 
to  have  the  height  of  the  flotHi-tide,  abovo  the  level  of  low-water^  for 
the  same  day.  Thus,  at  the  ports  of  Grun\illc  and  8t.  Malo  the 
waters  rose  on  the  date  mentioned  to  a  total  height  of  about  46  feet. 
If  the  wind  favours  such  a  tide  as  this,  and  increases  its  ^-iolcnce  and 
its  height,  great  disasters  may  be  feared. 

There  is  a  vast  difference  between  the  tides  of  the  western  eoaat 
of  Europe  and  those  of  the  isles  of  the  8outhera  Sea,  which  scarcely 
rise  to  a  height  of  20  inches.  But  there  are  some  still  more  ter- 
rible ;  and  amongst  them  we  will  cont^^nt  ourselves  with  quoting 
those  of  the  Bay  of  Fundy  in  New  Caledonia,  which  rise,  it  is  said, 
to  a  height  of  nearly  100  feet. 

The  cause  of  these  differences  in  height  is  greatly  owing  to  local 
circumstances.  Thus,  the  porta  of  the  Chaimel  are  sulyect  to  strong- 
tides,  because  the  moment  of  the  waters  meets  with  an  obstacle  in 


*  Accoi**liDg  to  the  observatious  of  tho  able  and  regretted  G.  Aim 6,  who 
studied  the  imdulntion  of  the  tides  at  Algiers  during  two  years,  the  height  of 
the  luai-solar  tide  in  that  port  is  uearly  3}  inehes  on  the  daj  of  syzygiea. 

t  By  MM.  Lttugicr  and  Mathiea,  Anmtaire-du  Uureatt  de*  LonifUudet* 
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the  narfowing  of  the  coasts,  and  the  fiirther  the  gulf  m  penetrated, 
the  higher  is  the  tide. 

The  tide  is  felt  in  great  rivers,  to  a  distance  depending  upon 
their  size  and  depth.  At  the  moment  of  high- water,  the  ivaters  of 
the  river  flow  back,  re-ascending  their  course,  but  the  transmis^sion 
of  thi8  river-tide  is  progressively  retarded. 

Hence  follow  the  curious  phenomena,  known  in  Franco  under 
the  names  of  masearet  and  barre  [such  as  the  **  bore"  in  the  river 
Severn.] 

We  will  now  speak  of  the  causes  of  the  tides* 


It  is  the  eombined  actions  of  the  Moon  and  Sun  on  the  liquid 
mass  with  which  our  globe  is  three- quarters  surrounded,  which  pro- 
duce the  alternate  movements  of  the  ebb  and  flow. 

We  have  seen,  that  if  two  bodies,  such  as  the  Earth  and  the  SIoou, 
are  present,  the  molecules  of  both  have  a  mutual  tendency,  known 
under  the  name  of  "  gravitation/ 7  the  intensity  of  which  varies  di- 
rectly as  the  masses,  and  inversely  as  the  square  of  the  distance. 
Let  us  now  see  how  this  action  ia  exercised  by  the  Moon  on  the 
liquid  molecules  of  a  sea. 

The  Earth  ha\ing  the  form  of  a  spheroid,  the  liquid  stratum 
which  covers  it  would  have  a  form  exactly  similar »  ond  continually 
the  same — except  accidental  variations  due  to  meteorological  causes 
— if  the  Moon  and  Sun  did  not  exist. 

Let  us  consider  the  Moon  at  a  given  moment.  Let  us  connect 
its  centre  with  the  centre  of  the  Earth  by  an  ideal  line;  thiH  lino 
will  me*?t  the  surface  of  the  globe  in  two  points  diametrically  oppo- 
site. The  one,  nearest  the  Moon,  will  be  the  place  on  the  Eurth,  at 
which  the  Moon  is  in  the  zenith.  The  opposite  point  will  have  the 
Moon  at  the  nadir,i every  place  of  the  Earth  which  has  the  same  lati- 
tude as  the  first,  will  see  the  Moon  on  the  meridian  at  that  instant. 

The  attraction  of  the  Moon  on  the  nearest  liquid  molecules  partly 
counterbalances  the  attract itui  of  the  Earth  ;  it  lesj^ens  their  gnivily 
in  the  vertical  direction.  The  molecules,  which  their  fluidity  and 
independence  separate  from  the  surface  to  the  solid  part  of  the 
Earth,  rise  by  \ii'tue  of  that  attraction.  The  same  thing  happens, 
but  in  a  less  degree,  with  the  neigh Ixjuring  molecules  in  the  hemi- 
sphere turned  towurds  the  Moon,  the  attraction  being  slighter  as 
these  molecules  are  situated  further  from  the  point  which  lies  at  the 
summit  of  the  hemisphere  turned  towards  the  Mt>on. 

Hence  it  follows,  that  the  lI(|uJd  sheet,  with  which  this  hemi- 
qjhcre  is  covered,  is  swelled  up  towards  the  iloon,  and,  in^stead  of 
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keeping  its  spherical  fomi,  takeB — though  not  of  course  in  exact 
proportion — ^the  fonn  of  an  egg.  Thei'e  is  high  water  at  the  top,  low 
water  at  every  place  which  has  the  Moon  on  the  horizon.  If  the 
Earth  had  no  movement  of  rotation,  this  tide  would  be  pemianent, 
and  the  waters  would  thus  remain  in  equilihrimn,  or  at  least  would 
fuLk»w  the  movement  of  revolution  of  the  Moon  ;  the  tides  would 
have  no  other  periods  than  the  lunation.  But  the  Earth  in  its 
rotation  presents  all  its  surface  to  the  Moon,  so  that  the  wave  follows 
the  parallel  which  corresponds  to  the  position  of  our  satrliite. 

So  far  we  have  explained  the  high  and  low  tide  for  the  hemi- 
sphere turned  towards  the  Moon ;  hut  how  is  it  that  the  waters 
are  also  swelled  up  at  the  same  instant  on  the  opposite  hemi- 
sphere P 


of  the  MOON 


Fig'  1 7B.— Attraedon  of  thu  Moon  on  Ihe  WAtoln  of  the  am.    Simple  luimr  tide. 


This  IS  easily  accounted  for.  The  lunar  attraction  makes  itself 
felt  on  all  the  molecules  Avhich  eompfjse  the  Earth  and  sea  ;  hnt  its 
energy  is  much  more  slight,  as  these  molecules  are  more  distant* 
If  this  action  were  exercised  on  every  point  with  equal  intensity, 
there  would  follow  a  totid  displacernent  tviwards  the  iloon,  hut  no 
change  of  form.  The  inequality  of  attraction  causes  the  most  dis- 
tant molecules  to  remain  hehind  ;  their  gravity  towards  the  E;irth 
is  diminished,  and  all  the  liquid  strata  on  the  hemisphere  opposite 
the  Moon  take  precisely  the  same  form  as  those  that  are  in  front* 
[In  a  word»  on  one  side,  the  water  is  pulled  from  the  Earth,  on  the 
other  the  Earth  is  pulled  from  the  water.] 

This  prohlem,  when  submitted  to  mathematical  analysis,  indicates 
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for  the  general  tbnn  uf  the  surface  of  the  ocean,  that  of  an  ellipsoifl, 
swollen  in  the  direction  of  the  diameter  of  the  Earth  which  when 
prolonged  passes  tlirotigh  the  McMm  at  every  instant. 

There   in   then  high-water   whenever  the   Moon   transits  either 
the  upix^r  or  lowei*  nieritlian, 


^ 


/: 


that  u  to  say,  every  12  hours 
and  25  minutes,  I  and  low- 
water  every  time  that  it  h 
at  the  horizon  of  a  place ;  that 
lis  to  say,  at  periods  of  equal 
d  unit  ion,  J 

But  it  in  not  the  Moon 
alone  which  acti^,  tliere  is  also 
a  tide  produced  by  the  attrac- 
tion of  the  Hun,  The  enor- 
mous hulk  of  that  body  would 
prtduee  imiuense  movements 
of  the  waters,  if  its  distance, 
four  hundred  times  greater 
than  that  of  the  Moon,  did 
not  counterbalance  the  attrac- 
tive force  due  to  itj^  majss. 
The  solar  tides,  although 
much  smaller  than  the  lunar 
ones,  sometimes  increase  them, 
at  others  neutndize  them. 

They  increa.se  them  when 
the  two  bodies  are  on  the 
same  line  with  the  Earth, 
which  occurs  at  the  syzygies 
— at  new  and  full  moon  (tig. 
179).  The  actions  of  the  two 
bodies  neutralise  each  other, 
when  the  iloon  is  at  a  right 
angle  to  the  Sun,  and,  in  that 
i-awe,  the  resulting  tide  is  a 
minimum  (fig.  180). 

Calculation  shows  that  the  luni-solar  action  is  much  more  intense 
when  the  Ixdies  are  nearer  the  equator .  hence,  the  great  equi- 
noxial  tides.  Lastly,  the  action  varies  in  the  inverse  ratio  of  the 
cu1k\s  of  their  distances,  it  is,  therefore,  dear  that  the  tides  are 
higher  when  the  Moon  and  Sun  are  nearer   the  Earth. 

H  H 


Fiff.  I  TJJ.-^omblimd  action  or  tbo  Moon  and  tho  Sun  hii 
tb«  wiUen  of  Him  Hca.     Ltini-j^itL-ur  tide  uf  tha  tyjEyj^efi, 
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Laplace's  H3rpothesi3  of  the  Origin  and  Formation  of  the  Solar  System — 
Primitive  Nebula — Luminous  Nucleus — Formation  of  Planets  and  Satellites 
— Direction  of  the  Movements  of  Rotation  and  Revolution. 


The  human  mind  seems  so  organised  that  it  attaches  itself  with  more 
obstinacy  and  perseverance  to  the  pursuit  of  those  questions  which 
it  is  impossible  to  solve  than  to  those  which  are  more  accessible. 
At  the  risk  of  a  kind  of  intellectual  vertigo,  it  loves  to  lean  over  the 
cliffs  of  those  abysses  of  thought,  at  the  bottom  of  which  lie  in  con- 
fusion the  solutions  of  so  many  grave  problems,  the  origin  and  the 
end  of  all  things,  the  essence  of  the  first  caUse,  and  many  other 
questions  which  are  rather  in  the  domain  of  metaphysics  than  of 
science. 

This  tendency  towards  the  abstract  is,  so  to  speak,  irresistible. 
It  is  not  sufficient  for  us  to  fathom,  with  the  telescope,  the  depths 
of  infinite  space,  where  the  eye  sees  succeeding  each  other  without 
end  suns  and  clusters  of  suns ;  we  still  wish  to  know  if  this  pro- 
gression has  an  end,  a  limit.  We  cannot  believe  in  nothing,  and 
our  mind  is  lost  in  the  contemplation  of  an  indefinite  chain  of 
being. 

By  a  like  curiosity,  we  attempt  to  remount  the  course  of  time, 
and  to  picture  to  ourselves  the  first  origin  of  things.  We  almost 
know  what  is  the  actual  state  of  the  Universe.  The  discovery  of  the 
most  fi^onoral  laws  authorises  us  to  predict  the  future  state  of  the 
(celestial  bodies,  at  least  in  our  system.  We,  therefore,  try  to  know 
what  it  is  which  has  given  them  birth,  and  lacking  the  positive 
knowlcKlge,  which  it  is  so  difficult  to  acquire  in  such  matters,  we 
attach  ourselves  to  the  traditions  which  have  been  in  vogue  from  the 
first  ages  of  humanity. 
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"Will  there  ever  be  any  certain  notions  on  this  subject?  We 
know  not.  But  we  shall  not  be  sorry  to  know  Avhat  are  actually 
the  most  probable  conjectures  deduetKl  from  those  sciences  which 
deserve  in  the  highest  degree  to  be  called  pmifke. 

Geology  teaches  us  that  the  Earth,  at  its  origin,  existed  in  a 
fluid  state.  Formed  from  an  iimnense  agglomeration  of  gU4*eouB 
matter,  endowed  with  an  excessi%^e  temijerature,  eondenswl  at  its 
centre,  it  has  ^slowly  cooled,  then  formed  a  liquid  shell  cnvch»ped 
with  a  bigli  and  thick  atmosphere.  Then,  in  consequence  of  the 
gradual  loss  of  beat,  the  superficial  strata  by  degrees  solidified,  imtil 
a  certain  state  of  general  equilibrium  has  given  it  the  dimensions 
and  form  which  it  now  jjosisesses. 

Among  the  many  witnesses,  which  testify  to  this  ancient  history 
of  the  Earth,  there  are  two  which  still  remain,  and  which  we  can 
now  question.  These  are^  on  the  one  hand,  the  inerciising  tem- 
perature of  the  strata  as  we  descend,  which  compels  us  to  consider 
the  interior  nnchnm  of  the  Earth  as  being  still  in  an  incandescent 
state  ;  volcanic  eruptions  are  an  additional  proof  in  support  of  lliis 
hjqK)thesis.  On  the  other  hand,  in  the  form  of  the  terrestrial  globe, 
in  its  flattening  in  the  direction  of  its  axis  of  rotation,  and  the 
swelling  out  of  the  equatorial  portion,  lies  the  mechanical  proof  nf 
the  fluid  prindtive  state. 

Such  are  the  moat  certain  data  which  we  possess  on  the  ancient 
history  of  the  Earth,  the  dilTerent  evolutions  of  which  can  be  fol- 
lowed. It  is  not  easy,  however,  tu  assign  certain  epochs  to  the 
various  phases  of  this  development,  but,  in  such  a  case,  probabilities 
suffice,  and  oil  agree  in  giving  to  our  planet  an  age,  the  antiquity 
of  wbich  is  counted  by  some  h^jtftdreds  of  thousands  of  years. 

Is  the  Earth,  then,  the  only  planet  of  the  solar  system  to  wliieh 
we  must  assign  such  an  origin?  Here  precise  data  fuil  us,  and 
it  is  to  analogy  that  we  must  apjKml  for  an  answer.  We  huve  said 
that  facts  are  wantmg.  We  mistake ;  there  is  one  wbich  is  of  great 
weight ;  it  is  the  fact  of  a  coimnon  flottening,  which  is  certain  in 
Mar»«  Jupiter,  and  Saturn,  and  which  the  difficulty  of  measurement 
only  has  prevented  us  from  proving  in  the  other  planets  of  the  Solar 
System.  It  is  then  extremely  probable  that,  at  the  origin,  the  whole 
Solar  System  was  formed  from  an  agglomeration  of  matter  in  a 
gaseous  state,  which  by  degi'ees  was  transtbnned  into  distinct 
bodies^  under  the  influence  of  a  cooling  going  on  during  thousands 
of  centuries.  We  tliiis  arrive  at  the  hypotbeKiK  fonnulateil  by 
one  of  the  greatest  sons  of  modern  science,  Laplace,  who  has  thus 
attempted  to  account  for  most  of  the  phenomena  of  planetary  astro- 
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nomy.     We  shall  try  to  detRTibe  m  a  few  words  this  theoiy  of  the 
origin  of  tlie  bodies  which  compose  our  Bystem. 

If  wc  go  buck  Lii  til  ought  to  an*  epoch  distant  from  oiu'  own 
bx  a  considerable  series  of  centuries,  the  whole  Solar  System,  or, 
more  exactly,  all  the  matter  which  now  fonm?  the  different  gron|>s, 
existed  in  a  purely  gaseous  state,  or,  as  it  may  be  put,  under  tin 
fonn  of  an  immense  Nebida,  extniordinarily  diffui^ed,  presenting  in 
indication  of  condensation.  In  wueh  a  condition,  the  molccidea  of 
the  nebulosity  were  so  distant  one  from  the  other,  that  the  repulsive 
force  mtli  which  they  are  endowed  entirely  annulled  the  attractive 
force  by  virtue  of  which»  gra\4tating  one  round  the  other,  they  would 
tend  to  form  groups.  But  ccutuiies  elapsed  ;  the  nebulosity  by  degrees 
codIihI  by  incessant,  ratliation  into  space ;  the  action  of  the  repulsive 
force  diminished,  and  that  of  attraction  was  exercised  more  and  more ; 
it  condensed  and  formed  one  or  many  centres  in  various  partjs  of 
the  nebulosity. 

The  aolar  Nebula  ought  then  to  have  presented  at  last  the 
aspect  of  a  luminous  nucleus  enveloi]»ed  to  a  great  distance  by  a  kind 
of  gaseous  atmosphere,  in  form  nearly  spherical.  Such  appear  to  us 
in  space  the  nebulous  stars ;  we  have  seen,  indeed,  that  astronomers 
consider  these  last  systems  as  irreducible  into  stars »  or  as  simple, 
double,  or  multiple  suns,  surrounded  with  a  real  nebulosity,  either 
»eli- luminous,  or  illuminated  by  the  central  body.  At  this  period 
of  its  fonnation,  the  Sun  existed  alone,  the  planet>s  and  their  satel- 
lites remained  undeveloped  in  the  atmosphere. 

But  the  entire  mass  was  endowed  mth  a  movement  of  rotation, 
w^hich  forced  in  t!ic  same  dii*ection  either  the  molecules  of  the 
nucleus,  or  those  of  the  nebulosity.  At  a  given  moment,  the  limits 
of  this  latter  depended  uikui  the  distance  at  wluch  the  cen- 
trifugal force  due  to  rotation  was  in  equilibrium  ^ith  the  central 
force  of  gnivitation.  These  limits  changed,  and  approached  the 
centre,  under  the  influence  of  a  continual  co*iling,  which  induced 
in  consequence  a  diminution  of  volume  in  the  Nebula.  Hence,  the 
abandonment  of  a  zone  of  condensed  vapour,  at  the  distance  of  the 
first  limits. 

By  degrees,  the  celestial  atmosphere  abandoned  a  series  of  zones 
of  vapour  nearer  and  nearer  the  centre,  all  being  nearly  in  the  plane 
of  the  general  equator^  that  is  to  say,  that  in  which,  in  consequence 
of  the  velocity  of  the  rotatory  movement,  the  centrifugal  force  was 
naturally  preponderant. 
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These  are  the  zones  which  have  given  birth  to  the  planets,  or  to 
the  groups  of  planets  and  nsteroids. 

For  it  to  have  been  otherwise,  for  the  zones  detached  from  the 
general  nebulosity  to  have  kept  the  form  of  rings  concentric  with  the 
Sun,  there  nmst  have  been  a  perfect  equiUbriuin  continuing  to  exist 
between  the  difierent  molecules  composing  these  rmg8.  But,  ac- 
cording to  Luplace's  expression,  the  chances  were  greatly  against 
this.  The  rings  divided,  and  the  most  consideniblc  dSrin,  attaching 
and  incorporating  the  rest,  again  fonjied  centres  or  nebtdous  nuclei. 
It  is  important  to  remark,  that  each  of  them  must  have  been  ani- 
mated with  twf)  sinmUfmeouH  movements,  one  of  rotation  round  its 
o^^Ti  centrej  the  other  of  translation  round  the  common  centre. 
Moreover,  as  these  two  movements  were  but  the  continuation  of  the 
general  anterior  nujvenient,  their  dircclion  remained  tlie  same  as 
that  of  tlie  rot^ition  of  ijl  the  system,  or  of  the  solar  nucleus.  Tlic 
phniets  once  fonnc»d,  we  can  undt-rstand  perfectly  how  tliese  smaller 
Ncbuhc,  similiir  to  the  hirger  one,  pnxluced  the  birth  of  tww  bodies 
gravitating  and  revolving  round  each  of  them  ;  such  is  the  origin 
of  the  satellites, 

LapUice  next  explained  why  the  satellites  formed  no  more  new 
satellites,  and  why  these  secondary  bodies  present  the  same  side 
to  the  planet  around  which  tbcy  gravitate  ;  it  is  that  their  small 
distances  giving  to  the  attraction  of  their  primary  a  preponderating 
iiifluence,  the  satellites  themselves,  when  still  in  a  lluid  state,  wevv 
swollen  up  tide-like  towards  the  planet ;  and  from  their  rotatory 
movement  followed  a  time  of  rotation  nearly  identical  with  that 
of  their  movement  of  i-e volution.  After  a  certain  nmnber  of  revolu- 
tions, tlicsc  periods  become  rigorously  etiuxiL 

Such  is,  in  a  few  words,  the  magnificent  theory  which  Laplace 
has  presc*nt(Hl  to  the  scientific  world,  with  a  reserve  which  testifies 
to  the  prolbund  respect  which  this  great  genius  accorded  to  the  truths 
demonstrated  w^lth  all  the  rigour  of  science.  It  must  be  acknow- 
ledged that  it  is  in  perfect  accord  with  the  laws  of  general  mechanics, 
and  mth  the  facts  of  both  astronomical  and  physical  observation. 
Without  extending  this  subject  further,  it  is  impossible  not  to  be 
struck  with  the  agrc^ement  which  the  system  of  Saturn  presents 
•^  with  the  conception  of  the  illustrious  geometer;  Laplace  insists  with 
rcasfui  on  tins  point, 

"  The  regular  distributifui  of  the  mass  of  Saturn's  rings  around 
its  centre,  and  in  the  plane  of  its  equator,  follows  naturally  from 
this  hyiK*thesis,   and  without  it   it  must  rest  without  exphuiation ; 
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these  rings  *  appear  to  me  to  be  ever  present  proofs  of  the  primitive 
extension  of  the  atmosphere  of  Satui'n,  and  of  its  successive  con- 
tractions/' 

*  Some  very  curious  physical  experiments,  imagined  by  W .  Plateau,  account 
in  the  most  satisfactory  way  for  the  phenomena  which  we  have  just  described  ; 
they  appear  to  us  well  adapted  to  dissipate  the  obscurity,  which  a  description  of 
such  an  abstract  conception  would  naturally  leave  in  the  minds  of  some  of  our 
readers. 

These  experiments  consist  essentially  in  freeing  a  fluid  mass  from  the  action 
of  gravity,  in  such  a  manner  that  all  its  parts  may  be  merely  acted  \i\kh\  by  their 
mutual  attraction  ;  and  in  imparting  afterwards  to  this  mass  a  movement  of 
rotation  more  and  more  rapid.  To  do  this,  M.  Plateau  places  a  quantity  of  oil  in  a 
glass  vessel,  filled  with  a  mixture  of  water  and  alcohol,  the  lower  strata  of  which 
are  leas  dense  than  the  oil,  whilst  the  upper  strata  are  lighter.  The  mass  of  oil 
descends  in  the  mixture  as  far  as  the  stratum  of  the  same  density,  where  it 
remains,  taking  the  form  of  a  sphere. 

In  this  state,  the  mass  of  oil  is  freed  from  the  action  of  gravity,  and  the 
form  which  it  takes  is  due  simply  to  the  mutual  attraction  of  its  molecules. 

Next,  by  the  help  of  a  mctalhc  disk  introduced  with  care  into  the  sphere 
of  oil,  and  a  stem  which  passes  through  its  centre  and  communicates  with  a 
handle,  M.  Plateau  imparts  to  the  system  a  progressive  movement  of  rotation. 

When  this  movement  is  slow,  the  sphere  is  transformed  into  a  spheroid, 
swelled  at  the  F^quator,  flattened  at  the  poles,  under  the  action  of  the  centrifugal 
force,  which  developes  the  movement.  The  phenomenon  accounts  then  per- 
fectly for  the  form  of  the  planets. 

If  the  movement  becomes  more  rapid,  the  flattening  becomes  more  consider- 
able ;  the  spheroid  at  last  becomes  indented  at  its  poles,  spreading  out  more  and 
more  in  the  h(>rizontal  direction,  until  the  oil,  entirely  leaving  the  disk,  is  formed 
into  a  circular  ring.  At  this  moment,  the  phenomenon  at  once  explains  both 
the  zqjies  detached  at  the  origin  of  the  solar  mass,  and  the  rings  of  Saturn. 

Lastly,  if  the  rotatory  movement,  rendered  more  rapid,  is  continued  with  a  di.sk 
of  a  diameter  sufficiently  large,  the  centrifugal  force,  in  driving  the  particles 
of  the  surrounding  medium  towards  the  ring,  soon  separates  it  into  several 
isolated  masses,  which  form  themselves  into  individual  spheres  ;  each  of  which 
preserves  for  a  certain  time,  a  movement  of  rotation  of  its  own  in  the  same 
direction  as  the  ring. 

This  last  pluise  of  the  phenomenon  offers  a  striking  analogy  with  that  of  the 
formation  of  the  centres  of  condensation  which,  on  Laplace's  hypothesis,  are  the 
origin  of  the  planets  of  our  system. 
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CELESTIAL  MEASUREMENTS. 

General  Idea  of  the  Problem  by  which  the  DiHtanco  of  Inaccessible  Objects  is 
determined — Solution  of  this  problem  on  the  Earth's  Surface — Distance  of  the 
Earth  from  the  Moon— Solar  Parallax,  Distance  of  the  Sun  from  the  Earth — 
Stellar  Parallax,  Distance  of  the  Stars. 

We  are  now  about  to  discuss  one  of  those  problems,  the  solution 
of  which  leaves  so  many  doubts,  and  gives  rise  to  so  much  incre- 
dulity in  the  minds  of  those  unacquainted  with  mathematical  science 
and  methods  :  we  refer  to  the  determination  of  the  distances  which 
separate  us  from  the  various  celestial  bodies. 

In  enunciating  the  problem  generally,  we  shall  put  in  evidence 
the  essential  difficulty,  the  cause  of  the  incredulity  to  which  we  have 
referred,  and  which  we  must  attempt  to  remove.  The  problem  is  as 
follows : — 

To  measure  by  means  of  a  conveniently  chosen  unit  the  distan^^e  of  a 
risible  but  inaccessible  point. 

The  difficulty  lies  in  the  circumstance  that  the  object  in  question 
is  inaccessible.  If  we  speak  of  measuring  a  line  on  the  surface  of 
the  Earth,  the  possibility  of  the  operation  is  at  once  recognised. 
Without  being  in  the  secret  of  the  methods  employed, — methods 
often  very  long,  very  laborious,  and  very  delicate, — it  is  assimilated 
vaguely  to  direct  measurement  of  a  small  distance  by  means  of  a  chain 
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or  cord ;  and  no  one  makes  a  diffit^ulty  in  adinitting,  errors  excepted, 

the  resultg  of  Bunreys  of  tlic  siirfiice  of  our  globe- 
But  Iiow  cull  we  ever  know  the  knigth  of  the  straight  line,  which 
joins  the  eye  and  an  object  situated  in  space,  out  of  our  reach— the 
Sun  or  Moon,  for  instance?  This  is  the  question  raiscfl  by  most 
peri^ons,  when  tliey  hear  astronomers  affirm  that  the  iloun  is  240,000 
miles  from  the  Eiirth, 

We  bIulU,  therefore,  show  that  this  proldcm   is   one  of  no  real 
difliculty  ;  the  necessary  operations  are,  theoretically,  very  simile,  and 
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Tig,  181.— Moiumra  of  tho  disttmo.^  o(  an  Inacocssibk  object. 


it  is  in  the  practical  carrying  out  of  them,  that  the  real  difficulty — ^the 
impossibility,  wbcre  the  thing  is  impnwsihle  —  lies. 

We  will  proteecl  from  the  known  to  the  unknown,  from  the 
simple  to  the  complex,  and  we  will  commence  with  the  problem  of 
the  distanecof  an  inaeccssible  point,  sitimtecl  on  the  Earth's  surface. 
We  shall  see  that  in  the  main  the  solution  of  this  ease  is  the  same  a» 
that  of  the  most  difficult  ones,  and  applies  equally  to  the  determina- 
tion of  the  distances  of  the  heavenly  bodies. 

We  will  suppose  ourselves  iii  a  level  txeld  or  meadow.  We  see 
on  the  horizon  tlic  top  of  a  tower>  from  which  we  are  separated  by 
some  obstacle,  such  as  a  river.     We  want  to  know  the  distance  of  this 
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tower  from  our  stand-point  without  actually  measuring  or  stepping 
the  dietancir,  without,  in  fact,  crossing  the  water.  We  shall  proceed 
as  follows : — 

At  C,  our  standing-point,  we  plant  a  stick  ;  at  B,  in  the  meadow, 
we  plant  another,  at  a  distance  whiuli  must  not  be  too  small  compared 
with  the  distance  of  the  tower.  We  now  ineusure  accumtely  by 
Tiieuns  of  a  Gunter'ej  chain,  or  tape,  the  straight  line  which  joins 
B  and  C,     Let  it  l>e,  for  example,  468^7  yards. 

Tliis  h  the  Bdfie  Lhw  of  our  openitions. 

Now,  by  means  of  a  theodolite  placed  successively  at  C  and  B,  we 
observe  the  tower  at  each  station,  and  the  instrument  ^-ill  give  us  the 
angle  formed  by  the  visual  ray  with  our  base-line^  that  is  to  say,  the 
angles  at  the  base  ai  the  t  nungle  A  B  C,  "Wliat  do  we  now  know  ? 
First,  the  t^xact  length  of  the  line  B  C,  measnredon  the  ground  itself, 
directly,  and  secoudly,  two  angles;  A  (-  B,  which  we  will  suppose  to 
be  eciual  to  80°  20',  and  A  B  C  equal  to  75°.  ^Yi^  shall  find  these 
(lata  quite  Kufficient  to  lay  down  a  siniilur  triangle  on  pa}>er,  on  any 
scale  that  we  may  choose,  in  euch  a  manner,  that,  by  means  of  a 
properly  diWded  measure,  we  may  read  off  tlie  nunilxT  of  yards  in 
the  side  C  A  of  the  triangle.     We  shall  find  it  108o  yards,  nearly. 

The  distance  sought,  therefore,  has  been  found,  and  the  problem 
is  solved. 

The  precision  of  the  result  w^ill  depend  upon  two  tilings ;  first, 
the  degree  of  exactness  of  the  measurement  of  the  base;  secondly, 
that  of  the  two  angles.  Tills  double  precision  itself  depends  upon 
the  perfection  of  the  measuring  instruments  and  the  skill  of  the 
observer.  Nor  must  we  forget  another  important  consideration. 
The  choice  of  the  base,  both  as  to  its  position  and  length,  hus  a  great 
influence  on  the  result.  If  it  be  too  smoU  relativeh^  to  the  distanee 
measured,  the  form  of  the  triangle  is  very  elongated,  and  a  small 
error  iii  the  measure  of  either  angle  may  cause  a  large  error  in  the 
result.  In  terrestrial  measurements  we  can,  of  course,  always  cho43se 
our  base ;  in  celestial  ones,  on  the  contrary,  this  Ls  not  the  case,  and 
a  ilifficidty  often  practically  occurs  in  this  way,  with  which  theory 
has  notliing  to  do. 

We  now  arrive  at  the  application  of  what  we  have  said,  and  will 
begin  with  the  most  simple  case,  that  of  the  distance  of  the  Moon. 

Two  astronomers  arrange  to  observe  in  two  different  parts  of  the 
globe.  One  cho<)ses  Dant/Jg,  the  other  the  ('ape  of  GckkI  Hope. 
Wo  will  suppose  the  two  stations  for  greater  simplicity  situated  on 
the  same  meridian,  sn  that  the  time  is  the  same  at  both  stations  at  the 
eame  absolute  instant. 
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They  agree  to  observe  the  Moon  siTiuiltaneously,  that  is,  on  the 
j^aine  day  (or  night)  at  the  siime  lirmr.  These  stationn,  A  and  B  (fig, 
\y*2)  being  kno\\Ti^  the  difterence  of  the  lutitudcs  18  kn<»\\^l,  tilts  is 
the  angle  A  T  B  formed  at  the  centre  of  the  Earth  by  the  vertieala 
of  the  two  stations, 

Tliese  are  the  data  of  the  prohlenu  WTiat  we  have  to  find  is  the 
length  of  the  distance  L  T,  or  the  straight  line  which  joins  the  centre 
of  the  Moon  with  the  centre  of  the  Earth,  at  the  time  the  observation 
is  made. 

The  iii^st  observer,  Ijy  the  aid  of  a  special  instrument,  measures 
the  angle  Z  A  L,  the  zenith  diHtunce  of  the  Moon's  centre*  The 
second  observer  at  the  Cupe  does  the  sanie  for  the  angle  Z'  B  L. 
This  is  all  that  need  be  done.  We  can  now  construct  on  paper  a 
figure  similar  to  the  four-sided  figure,  L  A  T  B.       The , angle  T  is 


Fig,  18£,— Measure  or  the  dlstnnoe  of  tho  Moon. 

known  ;  the  lines  Z  A  and  Z  B  are  two  nearly  equal  radii  of  the 
terrestrial  sphere  ;  and  the  direction  of  the  lines  A  LandB  L  is  given 
by  the  ohsenations.  When  once  this  four-sided  figure  i*^  laid  down, 
we  only  have  to  connect  the  points  T  and  L,  and  to  find  its  length, 
taking  the  EaHh***  radius  as  the  unit  of  measurement:* 

We  have  thus  found  that  the  mean  distance  of  the  Moon  is  about 
()0  radii  of  the  Earth. 

We  now  pass  on  to  the  distance  of  the  Sun,  and  of  the  divers 
planets  of  the  Solar  System ;  and  we  will  commence  by  two  remarks, 
which  %Yill  simplify  our  subsequent  explanation, 

*  Id  this  example,  as  in  the  other,  tlie  graphic  constniction  on  pnper — an 
exceeding  rough  methotl — is  not  the  <»ne  actually  ciu  ployed.  The  real  solution 
m  BccompUshed  by  a  niore  or  less  oomplicated,  but  sure,  mathematical  calcu- 
lation. This  caJcubtion  admits  of  a  precision  which  is  oidy  limitcil  by  the 
accuracy  of  the  prehminary  obaervation8. 
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If  we  refer  to  the  first  general  problem,  of  the  distance  of  an 
maccessible  object,  we  shall  iinderstand,  if  we  look  at  fig.  181,  that 
the  accurate  measure  of  the  two  angles  at  the  base  tells  us  at  oiiee 
the  angle  at  the  upex  ;  ur  the  angle  I'uriiieil  by  the  two  straight  Imcs, 
which  join  the  tower  and  the  extrenuties  of  the  base.  [As  the  sum 
of  tlie  three  angles  in  any  triangle  is  a  constant  quantity  =  2  right 
angles,] 

This  angle  is  called  the  parail^ix  of  the  tower,  and  the  object  of 
all  the  problems,  dealing  with  celestial  distances,  is  to  dctenuine  the 
amount  of  this  parallax.  Thus,  for  the  distance  of  the  iloon,  what 
we  seek  to  know  is  the  angle  which  the  base  A  B  (fig.  182)  would 
subtend  at  the  centre  of  the  Moon,  or  more  generally,  the  angle  sub- 
tended by  the  diameter  or  radius  of  the  Earth  at  the  !Moon. 

In  the  case  of  the  Sun,  the  problem  may  thus  he  htatt>fh  Under 
what  angle  would  the  dianieler  of  the  Earth  appear  at  the  centre*  of 
the  Sun?  or,  in  astronomical  language,  T\Tiat  is  the  Sun's  parallax  ? 

The  second  remark  is  as  follows  :■ — Kepler,  by  the  discovery  oi' 
his  laws,  enabltnl  us  to  dctcrniine  not  the  tthmiitte,  but  the  rehfive 
distances  of  the  planets  from  the  Sun.  In  such  a  manner  that 
although  he  was  unable  to  express  the  tthsohde  distance  by  means  of  o 
common  unit,  in  miles  for  example,  the  relative  dimensions  of  the 
orbits  were  so  known,  thot  he  could  siiy,  for  in?<tance,  that  the  mean 
distance  of  Jupiter  from  the  Sun  was  b-^^  that  of  the  Earth,  the  dis- 
tance of  Yenus  from  the  Sim  was  Y^^\y  that  of  the  Eurth,  and  st»  on. 

So  that,  wlien  once  the  distance  of  any  one  planet  irom  ttie  Sun 
is  determined,  by  Kepler's  laws  we  can  deduce  those  of  all  the  rest. 

The  planet  whose  distance  we  have  therefore  endeavoured  to 
detenniDe  is  naturally  the  Earth.  How  then  have  we  attempted 
it? 

[Here  we  at  once  approach  a  new  step  in  -measures,  and  touch 
n\yun  one  of  the  noblest  problems  of  Astronomy.  We  have  seen  how 
it  is  possible  to  measure  distances  on  the  Earth ;  and  how  two 
observ^ers,  using  their  distance  on  the  Earth  as  a  base-line,  can 
determine  the  distance  of  the  Moon,  But  the  measure  of  the  iIoon*s 
distance  in  no  way  helps  ns  to  got  at  that  of  the  Sun.  The  latter 
is  entirely  a  different  operation,  and  on  the  correctness  with  wlii(  li 
we  can  accomplish  it  depend,  '*  every  measure,  in  astronomy  beyond 
the  Moon,  the  distance  and  dhnensions  of  the  Sun,  and  every 
planet  and  satellite,  and  the  distances  of  those  stars  whose  j>aral- 
laxea  are  approximately  known.''* 


[*  The  Astronomer  Royul  in  Monthly  Notices,  vol.  xvii.  y.  ^%h\ 
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Tlie  value  of  the  8un*s  distanee  ut  pre-sent  rec^eived  has  1>oeii 
deduced  from  the  transits  of  Venus  in  17B1  and  1700,  und  as  those 
tran.sits  alfnrd  the  most  satisfactory  means  (althuo|j^h»  ns  we  have  seen, 
note  page  2j  there  are  others)  of  determining  it,  we  will  endeavour 
to  give  an  idea  of  the  method  empkiyed. 

We  have  seen  tluit  when  Vtnius  crosses  the  Sunti  disk,  during  its 
transit,  it  appears  as  a  round  hhiek  spot.  Let  us  suppose  two  oh^ier- 
vers  plaecd  at  two  different  stations  on  the  Earth,  properly  chosen  for 
ohservatitms  of  the  phenonienon,  one  fit  a  station  A  in  the  Northern 
hemisphere,  another  at  a  station  H  in  the  Southern  one.  ^yhen 
Vemitt  is  exactly  hetwoen  the  Sun  imd  the  Earth,  the  nhserver  al 
A  will  see  her  projeeted  on  the  8an  at  a  eeiiain  point  which  we  will 
call  V^,  the  Southera  obaeiTer  at  B  will,  from  his  lower  station,  »ee 
the  planet — whieh  we  will  call  V — project4?d  higher  on  the  disk  at  a 


Fig.  18kt  —  Mcituure  of  the  8uii*fi  dkbuice  by  tbo  transit  of  Vctiua. 

point  which  we  wUl  ctill  V|.  Now,  the  angle  which  we  require  t(> 
know,  in  order  to  detenuine  the  Sau's  flistance,  is  A  V^  B,  and  the 
proportion  of  tlie  measured  angle  Y.j  A  Yj  to  the  desired  nngle  A  Vi  li 
is  as  Vj  V  to  A  V,  or  m  72  :  28,  very  nearly.  So  that,  clearly,  all 
depends  up4>n  finding  the  value  of  the  nngle  Vo  A  V^.  Now%  how  can 
Ihis  be  (loner^ 

If  the  distance  lx?twoen  the  two  stations  is  sufficiently  great, 
the  planet  will  not  appear  to  enter  on  the  Sun*«  disk  at  the  same 
absolute  moment  at  the  two  stations,  and  therefore  the  pnths  or 
the  *  chords*  tniverserU  w)]l  bp  dificrent.  Spenking  generally,  (he 
chords  ^^dll  be  of  unequal  length,  so  ihat  the  time  of  transit  at 
une  statical  will  be  different  fri»in  the  tnrie  oftnniKit  at  the  other. 
This  diffrrciiee  will  ensible  us  to  detenuine  the  difference  in  the 
length  f<f  the  chords  descrihinl  l*y  tlic  planet,  and  consequently  their 
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^^H  respc^ctive  pomtioni*  vn  the  solar  diskt  iind  the  amount  of  tlieir 
^^^  Bepiirntion.  Now,  this  i^qnindiim  is  the  angle  Yj  A  Yn  required. 
I  Iluviiig  this,  %ve  ean  compute  the  vuhic  of  A  Vj  li,  and  infer  from  it 

I  the  Sun's  dbtanee.     In  faet»  if  A  B  were  situated  at  the  extremities  of 

■  a  diameter  of  the  Eaiih,  we  should  know  theaiigh>  wliieh  it  wouki  suh- 

■  tend  at  the  8un  ;  in  other  words,  we  i^hoidd  know  the  Sun's  parallax. 

But  thi.H  is  on  the  §uppositioii»  thut  the  Etirth  has  no  motion  ol' 
rotation;  let  uh  iut  rod  uee  this  eon  si  derail  on,  and  «ee  not  only  how  it 
nuKlifies  the  rcHult»  but  also  with  what  anxious  foresight  ostn^uoinors 
(jrepare  for  hu(  h  phenomena^  and  why  it  wu.s  requisite  in  17Hi),  anrl  will 
be  again  neee.s.sarv  in  18H*J,  to  go  so  far  li'om  home  to  observe  them. 

Let  ua  take  the  transit  of  1M82  ;  we  alrendy  know  the  instind  and 
place  (true  perhaps  tf>  a  second  of  time  and  arc)  at  which  the  planet 
will  enter  mid  leave  tlie  mlur  disk — in  other  words,  we  know  exactly 
how  the  Earth  will  be  hanging  in  space  as  seen  from  the  8nn— how 
much  the  soutli  pole  will  bo  tipped  ui>— how  the  axis  will  exactly  lie 
— and  how  the  Earth  will  be  situatLd  at  the  moments  of  ingress 
iind  egress.  Now  if  we  draw  two  pbuu's  rutting  the  centre  of  the 
Earth,  tangent  to  those  j^iarts  of  the  SuiTs  limb  at  which  the  planet 
will  enter  and  leave  the  sidur  disk,  we  shall  recognize  in  a  moment 
thtit  some  parts  of  the  Earth  will  ^oq  the  planet  cuter  the  disk  sooner 
than  others.  S^ime  parts,  on  the  other  ]iund»  will  sct^  it  leave  the 
disk  later — in  other  words,  according  to  the  |in>itifiu  td' ii  place  with 
refei'ence  to  the  plane  of  which  we  have  sj)oken,  lioth  ingress  and 
egress  will  be  acceleraleil  or  retarded  as  the  ease  may  he. 

Now,  if  we  ean  find  a  place  where  both  the  ingress  will  be  ac- 
celerated and  the  egress  retarded,  and  anotlier  where  tlie  ingress  is 
retarded  and  the  egress  is  accelerated,  wo  shall  get  what  we  want» 
the  greatest  diflerence  in  the  duration  of  the  transit,— the  greatest 
ditien^nce  in  (he  length  of  the  chord,  of  which  we  have  before  spoken* 

*'  Sedeeting,  then  (wt*  quote  from  a  [>iiper  l)y  Mr.  Airy  in  the 
"  Monthly  Notices"),  the  parts  of  the  Earth  at  which  the  duration  of 
transit  would  be  slmrtest,  it  is  seen  at  once  that  in  the  sealioard  of 
the  United  States  of  America,  the  ingress  is  retarded  by  a  quantity 
represent e<l  by  tM>o,  and  the  egress  is  ueceli' rated  by  a  quuulitv 
which,  in  the  meiin,  is  0*8;i  nearly;  so  that  the  whole  shortening 
is  represented  by  1'78  (the  geometneal  possi!>le  maxinnim  being 
*J"IK>),     Thut  locality,  therefore,  is  very  favounilde. 

*'  8eleeting,  secondly,  the  parts  of  the  Earth  at  which  the  duration 
of  transit  would  be  hnigest,  it  will  be  found  that  the  choice  is  more 
limitt^d,  and  the  practicid  difficulties  rather  greater.  FiU'  the  accel- 
eration of  ingress  at  2'' Oreenwieh  mean  tini(\  the  ohser\ing-stnti<>n 


FiR.  1S4.— Trauait  of  Vtiiita,   16»'2. 

of  egre»8  at  tf'  Greenwich   mean   time,  it  ought  to  be  on  the  left  side 
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of  the  diagram.  It  is  impossible  to  satisfy  these  conditions,  except 
by  a  station  on  the  Antarctic  Continent.  From  this  and  other  con- 
siderations, it  has  been  found  that  the  place  must  be  in  7^  East 
longitude  nearly.  Such  a  position  can  be  foimd  between  Sabrina 
Land  and  Repulse  Bay.  Here  the  whole  lengthening  of  transit 
would  be  represented  by  1'61 ;  a  very  large  amount  (the  geometrical 
possible  maximum  being  2*00).  Combining  this  with  the  observ- 
ations at  Bermuda,  the  whole  difference  of  durations  would  be 
represented  by  3'41  (the  geometrical  maximum  being  4*00).  This 
point  near  Sabrina  Land  is,  in  fact,  the  only  one  which  is  suitable 
for  the  observation." 

This  method,  we  see,  is  somewhat  more  complicated  than  that  by 
which  the  Moon's  distance,  or  that  of  the  inaccessible  object,  was 
determined ;  but  they  all  depend  upon  the  same  principle. 

We  have  given,  however,  but  the  spirit  of  the  method,  omitting 
all  the  difficulties  met  with  in  practice,  and  all  the  consequent  com- 
plications in  the  calculations.* 

We  must  next  endeavour  to  show  by  what  methods  we  have  been 
able  to  determine  the  distances  of  the  stars,  situated  beyond  our 
system,  or  at  least  of  some  of  them. 

The  method  of  triangulation  is  still  the  one  adopted.  But  the 
base  is  no  longer  either  the  radius  or  diameter  of  the  Earth. 
Already  we  know  that  the  angle  imder  which  our  Earth  would  be 
seen  at  the  Sun  is  extremely  small;  and  it  has  required  all  the 
precision  of  our  modern  astronomical  data  on  the  planetary  move- 
ments to  obtain  a  positive  result.  But  the  distance  of  the  stars  is 
so  considerable,  that  it  is  useless  to  attempt  to  use  a  base  on  the 
surface  of  the  Earth. 

It  is,  therefore,  necessary  to  choose  a  base  elsewhere,  and  also 
some  other  unit  of  measurement.  Astronomers  at  once  thought  of  the 
distance  which  separates  the  Earth  from  the  Sun,  even  before  this 
distance  was  determined ;  so  that  the  problem  was  to  determine  how 

*  The  reader  may  perhaps  ask  why  the  Sun's  parallax  is  not  determined 
directly  by  a  simple  triangulation,  as  in  the  other  problems  we  have  noticed. 
The  reason  is,  that  the  base  of  the  triangle,  at  its  maximum,  cannot  exceed  the 
dimensions  of  the  Earth's  diameter.  Now  the  distance  of  the  Sun  is  so  gi-eat 
that,  compared  to  this  base,  errors  of  observation  would  assume  a  considerable 
importance,  compared  to  the  extremely  small  angle  to  be  measured.  [For  in- 
stance, an  error,  which  in  the  case  of  the  Moon  would  throw  us  out  only  100  miles, 
would  in  the  case  of  the  Sun  amount  to  16,0(X),000.]  This  difficulty,  therefore, 
has  to  be  got  over  by  utilising  the  transits  of  Venus— a  method  due  to  the 
illustrious  Hallcy,  and  the  most  efficacious  of  those  at  present  adopted. 
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many  times  the  Sun's  distance  was  containcnl  in  the  distance  of  any 
given  star. 

Let  us  see  in  what  manner  we  have  been  able  to  use  this  imraentie 
baae-line,  which,  as  we  know,  contains  some  24,000  terrestrial  radiL 
Let  us  ufirain  take  a  familiar  comparison  for  an  example,  anfl  imagine 
an  obwrver  placed  in  the  centre  of  an  extensive  pLiiu.  Before  him,  on 
tlie  horizon,  is  a  tower,  the  top  of  which  appears  to  be  of  a  certain 
height  above  the  general  level  of  the  phun.  Now,  it  is  ex-ident  that 
this  uppareut  height  depends  upon  the  distance  of  the  obi^erver  from 
it,  and  that  the  height  will  increase  as  he  approachea  the  object, 
iind  decrease  as  he  recedes  from  it.  Let  us  glance  at  iig,  18;>.  When 
the  observer  is  at  B,  the  visual  ray,  B  8,  has  caused  the  summit  of 
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Fij^.  18&.— Apfinrent  variation  iia  tbc  beijcrbt  of  a  towor  at  different  >ll!itance«. 

the  tower  to  stand  out  on  tlie  bnekgromid  of  clouds  at  //.  If  he 
move  from  B  to  A,  approaching  the  tower,  the  new  visual  ray,  A  S, 
will  fonn  a  greater  angle  witli  the  surface  of  the  plain  than  the  firsts 
and  the  top  of  the  structure  wWl  have  gradually  elevated  it.self  from 
h  to  ft.  By  how  much  ?  By  an  angalar  quantity  exactly  equal  to 
that  under  which  an  eye  placed  at  S  would  see  the  base  A  B,  that  h 
to  say,  the  line  the  length  of  which  measures  the  observer's  dis- 
placement. 

Well,  the  horizontal  plain  represents  to  us  the  plane  of  the  ter- 
restrial orbit ;  the  summit  of  the  tower  is  a  slar,  the  distance  of  which 
we  seek  ;  its  Ijcight  aliove  the  phi  in  is  what  is  culled  by  astronomers 
the  star's  latitude  j   and   the  distance  traversed,  A  B,  will  be  that 
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which  the  Earth  uccompHshes  in  esix  months,  a  distance  of  some  II Ml 
millions  of  miles.  The  diHpkccment,  ha,  is,  in  fact,  the  parallux 
of  the  sfar  referred  to  the  fliametor  of  the  Earth's  orbit;  it  is  double 
the  parallax  of  the  atnr  if  the  radius  of  that  orbit— the  tli^tance  of 
the  Earth  from  the  Sun — be  taken  as  unit. 

Tlie  question,  therefore,  consi.sts  iu  determining  whether  the 
liititudo  (jf  tlie  alar  is  sensibly  augTueiited,  when  the  Eurth  hai* 
passed  from  the  first  to  the  second  position,  and  the  precise  value  of 
this  augmentation,  if  there  be  any. 

A  large  number  of  most  delieatc  observations  at  first  showed  no 
appreciable  variation  in  latitude;  in  a  w*ord,  it  was  impossible  to 
detect  any  change,  even  of  a  seci>nd  of  are,  in  a  star's  place.  So 
that  the  \i.sual  angle  under  which  form  one  of  these  stars  a  distance 
of  some  190,000,000  miles  ia  seen, — is  almost  nil 

Now,  in  order  that  any  given  length,  a  yard  for  instance, 
viewed  in  front,  may  be  reduced  so  that  it  wdl  subtend  an  angle  of 
one  second  only,  it  must  be  removed  from  our  eye  to  206,000  times 
it  8  own  distance. 

It  results,  therefore,  from  this,  that  the  stars  are  removed  from 
us  nt  /emf  206,000  times  the  di.'^tanee  of  the  Sun  from  the  Eartli — 
206,000  times  100,000,000  mdes.  Let  us  imagine  in  s{>ace  a 
sphere,  having  the  Earth  for  centre,  and  tliis  tremendous  distance 
lijr  radius ;  it  is  perfectly  certain  that  not  a  single  star  could  lie 
within  it. 

However  interesting  this  first  datum  may  be,  it  is  only  a  negative 
one.  But  astronomers  were  not  discouraged.  They  increased  the 
perfection  of  their  methods,  and  suggested  a  second  still  more  deli- 
cate than  the  first.     We  will  endeavour  to  give  au  idea  of  it. 

Let  Uij  return  to  our  observer.  We  will  suppose  that  he  has 
not  been  able  to  detect  any  appreciable  increase  in  the  apparent 
height  of  the  tower,  in  consequence  of  the  extreme  snialbiess  of 
the  dtsphicement  compared  with  the  dlt^tance  of  the  object  observed. 
Nevertheless,  this  increase,  however  small  it  may  be,  is  a  reality. 
How  then  can  he  detect  it  ?     In  this  manner. 

Instead  of  only  looking  at  the  top  of  the  tower,  he  \nll  compare 
its  position  with  a  neighbouring  point — neighbouring  at  least  in 
appearance — and  will  then  commence  his  approach.  One  of  two 
things  must  happen,  either  the  two  jxtiuts  are  at  the  same  distance 
fr«»m  the  eye,  or  one  is  further  off  than  the  other. 

In  the  first  case,  the  variation  in  the  height  will  be  the  same  for 
Ixith,  and  the  method  will  not  succeiMl.  In  the  set^ond  ease,  the  top 
of  the  tower  rising  higher  than  the  i>oint  with  which  it  is  compared, ' 
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whicli  we  wiU  suppose  the  more  distant,  their  reciprocal  distances 
will  vary.  Now,  on  the  one  hand,  it  is  much  more  easy  to  measure 
the  variation  where  it  is  confined  within  smaU  limits,  than  where  it 
becomes  relatively  a  considerable  quantity*  €>n  the  other  hand,  the 
small  apparent  movements  due  to  difFcreot  causes,  and  the  ine\4- 
table  erroi-s  of  observation  and  instrument,  as  they  affect  in  a  like 
manner  both  points  observed,  may  all  be  neglected.  Such  is,  shortly, 
the  second  method  employed  by  astronomers,  the  success  of  which 
has  enabled  us  to  determine,  with  a  grea,t  exactitude,  oui'  distance 
from  some  of  the  stars. 

Comparing  with  the  greatest  care,  and  for  several  years  in  suc- 
cession, the  apparent  position  of  several  couples  of  neighbouring 
stars,  [one  of  which,  by  virtue  of  its  proper  motion,  we  know  to  be 
nearer  to  us  than  the  other,]  we  have  been  able  to  determine  the  visual 
angle,  which  the  diameter  of  the  Earth's  orbit  subtends  at  the 
nearest.  We  have  already  dealt  vnth  the  results  of  this  method  of 
observation. 

Such  are,  in  their  most  elementary  form,  the  methods  employed 
by  astronomers  in  measuriag  celestial  distances.  If,  by  means  of  the 
ibrcgoing  explanations,  we  have  been  enabled  to  convince  our  readers 
of  the  certainty  of  the  results,  and  to  dispel  the  doubts  which  some 
among  them  may  have  entertained  on  the  possibility  of  the  solution 
of  this  problem,  our  end  is  gained.  But  it  must  be  fairly  stated  that, 
if  the  spirit  or  principle  of  the  methods  be  easy  to  comprehend,  the 
practical  working  out  of  them  is  extremely  difficitlt  j  all  the  resources 
of  the  mathematical  sciences,  all  the  most  precise  astronomical  know- 
ledge, so  patiently  accmnulatod  during  so  many  centuries,  all  the 
precision  of  our  measuiing  instruments,  have  been  indispensable  for 
arriving  at  their  exact  solution.  We  have  said  nothing  of  the  talent 
of  obsen^ation,  the  sagacity,  and  sometimes  the  genius,  of  the  philo- 
sophers who  have  employed  them. 
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11. 

ASTRONOMICAL  mSTRUMENTS. 

VISIT  TO  AN  OBSERVATORY. 

Instruments  for  obtaining  Magnified  Images  of  Celestial  Objects — The  Astro- 
nomical Telescope — Newtonian,  Herschelian,  Gregorian,  and  Silvered-Glaas 
Reflectors — Instruments  used  in  Observatories :  Transit  Circle,  Equatorial. 

The  surprise  and  admiration  excited  by  a  description  of  the  mar- 
vels which  astronomers  have  discovered  in  the  depths  of  the  heavens 
are  always  accompanied  by  a  strong  desire  to  see  for  oneself. 
Hence  arises  a  very  pardonable  curiosity  to  know  more  of  the  in- 
struments, by  means  of  which  the  circle  of  our  knowledge  of  these 
magnificent  phenomena  is  being  continually  widened.  Telescopes, 
both  refractors  and  reflectors,  are  eagerly  sought  after;  but  those 
most  frequently  met  with  are  ordinarily  so  small,  that  when  we 
compare  them  with  the  large  instruments  now  used  in  observatories 
the  sentiment  of  curiosity  is  rather  over-excited  than  satisfied. 

We  have  mentioned  Observatories — Temples  of  the  most  sub- 
lime of  the  sciences  which  in  the  eyes  of  the  profane,  that  is,  of 
a  large  majority  of  the  public,  are  looked  upon  as  mysterious  sanc- 
tuaries where,  in  the  silent  night  and  away  from  the  busy  hum  of 
men,  philosophers  are  in  intimate  communication  with  the  innu- 
merable worlds  which  people  the  Universe.  How  many  there  are 
among  us, — we  speak  of  those  interested  in  science, — anxious  to 
inspect  one  of  them  if  even  cursorily.  In  order,  therefore,  to  do  what 
we  can  to  satisfy  this  wish,  we  give  in  this  last  chapter  a  short 
description  of  the  principal  instruments  to  be  found  in  them. 

We  may  divide  astronomical  instruments  into  three  distinct 
classes:— 

Those  which  serve  to  increase  the  power  of  the  human  eye,  or,  in 
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other  worck,  to  lessen  distimeos.  Such  are  Telescopes,  divided  into 
ret'nicf iiig  iind  reflecting  telescopes,  or,  as  they  are  eidled,  RrfhtrtorH 
and  Rvjiecforn  ; 

Those  which  have  for  their  object  the  measurement  of  angles, 
and  by  means  of  which  we  determine  tbe  positions  of  the  stars  ; 
Dnided  CircipH  and  MtrrometerH  are  the  principal  inatrnments  of  this 
class,  and  thoy  are  always  used  in  conjunction  with  telescopes  ; 

Lastly,  those  which  enable  us  to  estimate  time  with  all  the 
precision  requisite  in  astronomical  calculiitions  [that  is,  to  the  tenth 
part  of  u  sec'ond]  ;  such  are  AdrQuomhd  Chvh  and  Chronomvfvrs, 

Wo  must  limit  ourselves  here  to  the  first  class,  those  which,  by 
giring  us  a  magnified  image  of  the  object,  bring  it  apparently  nearer 
to  ns,  and  thus  assist  our  sight.  By  reason  of  its  etymology 
{rnktj  far,  and  tfxoq-gr*,  to  sec),  the  term  Teksropp  is  applied  to  all 
those  instruments  which  fidfil  this  condition,  whatever  be  theii 
construction. 

In  Refractors,  the  Ught  is  made  to  pass  through  a  combination 
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Fig,  18f».— TheorotJcal  Bection  of  the  ABtronomlciil  Teloacope. 

of  lenses,  called  the  Ohjeet-ghsjstj  and  is  rffrm-hd,  or  bent,  to  the 
focus.  In  Reflectors,  the  rays  are  reeeivcil  on  a  miiTor,  or  Sptrifittjn, 
and  are  n'jh^rtnl  to  the  focus.  This  is  the  fundamental  distinction 
between  the  two  classes  :  in  both  the  aerial  imoge  fonned  at  the 
focus  is  cxaminiKl  in  the  same  manner. 

The  fonowing  description  will  enable  us  to  understand  the  spe* 
cific  character,  which  we  have  thus  defined  in  such  a  general  manner. 

The  AHtrommhfd  Tf^kwape  is  a  refractor  formed,  as  we  have  seen, 
of  two  systems  of  lenses,  one  held  in  position  by  a  cylindrical  tube  ; 
the  one  tnnied  towards  the  object  is  termed  the  Ohjrf-f-fjhiis,  and  on  it 
fulk  the  beam  of  rays  emitted  by  the  object  vicwtnl ;  this  is  grasped 
by  the  objcH^t- glass,  and  nnide  to  converge*  at  a  certain  distance 
behind  it,  to  a  spot  called  the  form ;  where  it  forms  an  iniagt?  of  the 
objet't,  uljHervwL  Tliin  image,  a  h  in  the  figure,  is  examined  by  the 
aid  of   a  magnifier,  in    pnn^^isely  the  same  manner  as  a  naturalist 
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examines  an  insect  or  a  plant.  The  eye,  in  looking  at  the  image 
of  the  object  by  means  of  this  lens — which  again  may  be  and  ge- 
nerally is  a  combination  of  lenses — observes  it  magnified,  and  can 
examine  its  details-     Hence  it  is  called  an  eye-piece. 

Such  is  in  principle  the  construction  of  an  Astronomical  Telescope. 
It  must  be  observed  that  it  is  not  the  object  itself  which  is  observed 
by  means  of  the  eye-piece  but  its  image,  and  it  is  the  image  alone 
which  is  magnified. 

[A  word  now  as  to  the  potcer  of  the  telescope,  and,  first,  as  to  its 
ii/iuni/iafinfj  poicer.  The  aperture  of  the  object-glass,  that  is  to  say, 
its  diameter,  being  larger  than  that  of  the  pupil  of  our  eye,  its  sur- 
face can  collect  more  rays  than  our  pupil ;  if  this  surface  be  a  thousand 
times  greater  than  that  of  our  pupil,  it  collects  a  thousand  times 
more  light,  and  consequently  the  image  which  it  forms  at  its  focus 
is  a  thousand  times  brighter  than  the  image  thrown  by  the  lens 
of  our  eye  on  to  our  retina. 

Having  this  image  at  the  focus,  the  magmfyhig  power  of  the  tele- 
scope comes  into  play.  This,  in  the  general  opinion,  is  the  most  im- 
portant element  of  power.  It  varies  with  the  eye-piece  employed,  the 
ratio  of  the  focal  length  of  the  object-glass  to  that  of  the  eye-piece 
giving  its  exact  amount.  Bearing  in  mind  that  what  an  astronomer 
wants  is  a  good  clear  image  of  the  object  observed,  we  shall  at  once 
recognise  that  magnifying  power  depends  upon  the  perfection  of  the 
image  thrown  by  the  object-glass  and  upon  the  illimiinating  power. 
If  the  object-glass  does  not  perform  its  part  properly,  a  slight  mag- 
nification blurs  the  image,  and  the  telescope  is  useless.  Hence 
many  large  telescopes  are  inferior  to  much  smaller  ones  in  the 
matter  of  magnifying  power,  although  their  illimiinating  power 
is  so  much  greater.  Hence,  again,  the  immeasurable  superiority 
of  refractors  over  reflectors  in  this  particular;  for,  although  by 
virtue  of  their  illuminating  power  they  are  admirably  adapted  for 
observations  of  nebuloe,  where  the  best  definition  of  the  image  is 
required,  they  are  found  sadly  wanting. 

There  is  another  matter  to  be  mentioned.  In  the  case  of  stars, 
—  which,  by  reason  of  their  inmiense  distance  appear  as  points, — no 
increase  in  the  size  of  the  disk,  except  the  one  mentioned  further 
on,  follows  the  application  of  higher  magnifiers ;  with  planets  this  is 
different ;  each  increase  of  power  increases  the  size  of  the  image,  and 
therefore  decreases  its  brilliancy,  as  the  light  is  spread  over  a  larger 
area.  Hence  the  magnifying  power  of  a  good  telescope  is  always 
much  higher  for  stars  than  for  planets,  although  at  the  best,  it  is 
always  limited  by  the  state  of  the  air  at  the  time  of  observation.] 
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If  the  material  of  wliich  the  object-glasses  are  composed  is  equally 
pure,  and  their  definition  equally  fine,  those  with  the  largest  aper- 
tures possess  the  greatest  magnifying  power. 

To  return  to  the  object-glass.  It  is  composed  generally  of  two 
lenses,  in  juxtaposition,  or  nearly  so,  one  bi-convex,  fhe  crown,  the 
other,  bi-concave,  the  Jfinf.  This  combination  is  required  to  destroy 
the  chronmik  abeirnimit  which,  without  it,  would  surround  the  image 
with  a  halo  of  coloured  light,  and  destroy  the  purity  of  the  image. 
The  eyc-pioce  also  is  composed  generally  of  two  or  more  separate 
lenses,  the  object  of  which  is  to  reduce  the  distortion  of  the  image 
OS  seen  through  a  single  lens,  and  to  increase  thc^eid  of  rirfr. 

In  fig.  186  is  given  a  section  or  interior  view  of  an  astronomical 
teleaco|>e,  similar  to  the  one  figured  in  fig.  187, 

[Among  the  most  remarkable  and  powerful  refractors  of  the  pre- 
sent dtiy,  wc  may  mention  that  at  Chicago^  of  IB^-inches  aperture, 
the  work  of  the  celebrated  American  optician,  Alvan  Clark,  and  those 
at  Poulkowa  and  Cambridge,  U.S.,  each  of  15  inches  aperture,  from 


Fig.  1 S7  — Seodon  of  the  Ajitrooomlml  TeIc*«>po. 

the  iifilwr  of  Merz,  the  successor  of  the  celebrated  Fraunhofer, 
^Yhile  we  write,  our  English  opticians,  Messrs.  Cooke  and  Sons,  are 
mounting  an  object-glass  w^hicli  they  have  just  completed,  of  the 
enormous  apertni-e  of  25  inches,  which  at  one  bound  sui'passes  almost 
our  most  sanguine  hopes,  and  restores  England  to  the  place  it  held 
in  the  optical  art.  in  the  time  of  DoUond.] 


We  now  come  to  the  Reflector,  which,  as  we  have  seen*  differs 
from  the  refractor  in  having  a  concare  mirror  to  reflect  light,  in- 
stead of  an  object-glass  to  refract  it.  The  mirror  requires  to 
be  ground  and  polished  with  the  most  consummate  care  and  skill 
as  its  surface  is  not  spherical,  as  are  those  of  object-glasses,  but 
parabolic. 

The  arrangement  of  the  mirror  and  the  eye-piece  is  of  course 
different  from  that  adopted  in  the  refractor,  as  the  mirror  is  opaque^ 
and  its  concavity  miist  be  turned  towards  the  sky.  We  give  three 
sections  of  reflectors  of  different  constiizctions  as  designed  by  their 
inventors,  Newton,  Gregory,  and  Herscheh 
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In  the  first  of  these  instruments  (fig.  188),  the  luminous  rays 
after  reflection  from  the  principal  speculum  M,  are  again  reflected 
from  a  smaller  one  m,  inclined  at  an  angle  of  45°,  in  such  a  manner 
as  to  throw  the  beam  to  the  side  of  the  tube,  to  which  is  fixed 
the  eye-piece,  which  performs,  as  we  have  said,  the  functions  of  a 


Fig.  188.— Newtonian  Reflector. 

magnifier.  Thus,  in  Newton's  construction,  the  observer  is  placed 
sideways,  at  a  right  angle  to  the  direction  of  the  rays  which  enter 
the  telescope. 

In  the  Gregorian  form  (fig.  189),  the  great  speculum  is  pierced 
at  its  centre  and  the  aperture  holds  a  tube  containing  the  eye-piece ; 
the  small  mirror  is  placed  in  front  of  the  large  one,  its  reflecting 
surface  opposite  to  it  and  perfectly  parallel.     There  is,  therefore. 


Fig.  180.— Orogorian  Reflector. 

a  double  reflection,  as  in  the  Newtonian  form,  but  the  eye  of  the 
observer  is  directed  to  the  object  viewed.  This  double  reflexion 
naturally  much  enfeebles  the  light. 

The  "  front- view"  reflector,— Herschel's  form  (fig.  190), — has  not 
this  disadvantage ;  there  is  but  one  mirror  M,  inclined  at  the  bottom 
of  the  tube  in  such  a  manner  as  to  throw  the  image  to  the  lower  edge 
of  the  end  of  the  tube  turned  towards  the  object.     This  arrangement 
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18  only  good  in  the  case  of  lur^^  fipc'culu,  IxH^aiise  the  ohserver,  who 
h  cumpt-ned  to  turn  hi^$  back  to  the  object  ybsprvixi,  eutn  off  jiurf 
f ^f  the  beiiiu  of  light  bj  his  head. 

In  reflectors  the  loss  of  light  by  reflexion  is  much  greater  than 
that  caused  by  absorption  in  refractors ;  so  that  with  cn^ual  apertures 
the  illuminalmg  power,  and  therefore  the  magnifying  jiower,  of  re- 
flectors are  verj'^  much  less, 

Kijine  years  ago,  a  skilful  physit^ist,  M,  Leon  Foueiiult,  wha  13  so 
well  known  from  his  delicate  experiments  on  the  velocity  of  light 
and  his  invention  of  the  gyroscope,  suggested  the  construction  of 
glass  mirrors,  coated  ^^th  an  exceeding  thin  lilm  of  silver,  chemi- 
cally deposited,  an  arrangement  which  would  much  reduce  the 
price  of  telescopes  and  would  render  their  polishing  extremely  easy. 
We  reproduce  here  (Plate  XXXVIIl)  the  magnificent  iostrument 
he  has  constructed  for  the  Observatory  of  Paris  {it  has  suhse^juenflv 


Fig.  190.— "Fmnl  View**  Rtifleetnr. 

been  removed  to  jrarseilles.)  This  reflector  is  constructerl  on  the 
Newtonian  principle. 

Among  the  remarkable  reflectors  at  present  in  use,  we  must 
mention  that  constructed  by  the  Earl  of  Rosse,  and  erected  at 
Parsonstown,  in  Ireland.  Tliis  colossal  instrument  is  of  HO  feet 
focal  length,  and  the  mirror  is  6  feet  in  aperture.  We  have  seen 
what  good  use  the  illustrious  constructor  of  this  instrumental  mar- 
yqI  has  miide  of  it  in  discovering  new  nebnlic,  which  had  resist t^ 
all  feebler  efltirts.  The  instrument  cost  12,000/,  Plate  XXXVII 
gives,  according  to  the  Spfcaltmi  JftirfirrUianumy  views  both  of  the 
telt^cope  and  of  the  struclaire  which  supports  it  and  permits  its 
l^ropcr  handling. 

Nowadays,  when  the  heavens  are  explored  in  all  parts  by  tried 
observers,  provided  with  the  most  perfect  instruments,  it  becomes 
more  and  more  difficult  to  add  to  our  knowledge  of  the  physi(*al 
crmstituticm  of  i)ur  system  and  ttf  the  otlicr  sidereal  sy steins.  Wljih? 
tlic   l(lr'S(nj>e  was  young,  very    small    instruments    were    sufficient 
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to  secure  the  most  glorious  diacoveries.     Galileo  saw  the  satellites 

of  Jupiter  by  means  of  a  telescope,  which  magnified  seven  times ; 
and  never  used  one  which  magnificfl  more  than  thirty- two  times. 
Let  us  add,  l(>st  amateurs  «hoidd  be  discouragwl,  that  a  small  tele- 
scope, of  less  than  three  inches  aperture,  and  with  magnifying  powers 
varying  from  60  to  300  times,  is  sufficient  to  enable  one  to  pursue 
usefid  investigations.  M.  Goldsclimidt  discovered  fourteen  minor 
planets  with  a  telescope  such  as  we  have  described;  and  he  has 
seen  tho  satellite  of  Sirius  with  it  also. 


[We  are  glad  to  know  that  in  England  the  number  of  medlimi- 
sized  refractors,  by  which  so  much  good  work  has  been  done,  is  rapidly 
increasing.  The  illustrious  Secchi,  we  think,  has  too  hastily  con- 
demned small  telescopes;  and-^ bearing  in  mind  the  double-star  work 
d{>ne  by  the  Rev,  W.  R.  Dawes  with  a  small  telescope,  and  the  maps 
of  the  Mmm  and  5Iurs  wc  owe  to  the  observations  of  Beer  and  Madler, 
who  used  a  smaller  instrument  stilly— the  increase  in  the  use  of  even 
small  telescopes  is  a  subject  for  much  congratulation. 

In  this  climate  of  ours,  wliieh  by  the  way  is  not  so  bad,  astro- 
nomically speaking,  as  some  Anglophobes  would  make  it,  a  6-inch 
glass  is  doubtless  the  size  which  will  be  found  the  most  constantly 
useful ;  larger  aperture  beting  frequently  not  only  useless,  but  hurtful. 
8iill,  4^  or  3|  inches  are  apertures  by  all  means  to  be  encouraged ; 
and  by  object-glasses  of  these  sizes,  made  of  course  by  the  bcHt 
makers,  views  of  the  Sun»  Moon,  planets,  and  double  stars,  may  be 
obtained,  sufficiently  striking  to  set  many  seriously  to  work,  as 
amiiteur  observers,  and  with  a  prospect  of  doing  good,  useful  work. 

Thus  in  the  matter  of  double  stars,  a  telescope  of  2  inches  aper- 
ture, with  jjowers  varying  from  GO  to  100,  will  show  the  lullowing 
stars  doubltf : 


Pokria.* 
«  Pisciunu 

^  Draconls. 


y  Arietia. 

e  Ilcrculis. 

i  Uraso  Majoris. 


«  Geminorum. 
y  Leon  is. 
%,  CasmopesQ. 


A  4-inch  ajierture,  powers  80-120,  reveals  the  duplicity  of 

)  Gemiaorum* 


^  Ononis, 
t  Hydrae. 
f  Bootis. 

»  Leonis. 


«  Lyne, 

I  Ursa?  Majoria. 

y  Ceti. 


And  a  6-inch,  powei*s  !<24O-^0O, 

t  Arietis.  x  Ophiuchi. 

1  Cygni.  20  Draconis* 

32  Orjonis,  «  GemiDorum. 


#  Cassiopea?, 

•  Draconifl. 


»  Equiilei, 
K  Herculis. 
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The  ti?stiiip;  of  a  good  glass  refers  to  two  diiferent  qualities 
wlueli  it  should  ixmsens.  Its  quiility,  as  to  material  and  the  tineiiesn 
of  its  poliwh,  should  be  such  that  the  maximum  of  li^ht  «liull  be 
tninsmitt-ed.  Its  quality,  as  to  the  curves,  should  be  i^ueh  that  the 
rayts  passing  through  every  part,  of  its  area  shall  converge  absolutely 
to  the  same  point,  with  a  chromutie  aberration  not  absolutely  niif 
but  sufficient  to  Kurround  tibjeets  ^-itli  a  faint  dark  blue  light. 

The  convenient  altitude  at  which  Orion  culminates  in  these 
hititudes,  renders  it  particularly  eligildc  for  observation  ;  and  during 
the  first  months  of  the  year,  our  readers  who  would  test  their 
telescopes,  will  da  well  not  to  lo«e  the  opportunity  of  trjdng  the 
progressively  difficult  tests,  both  of  illuminating  and  separating  power, 
affijrded  by  its  various  double  and  multijile  systcmsi  which  are  col- 
lected together  in  such  a  circumscribed  region  of  tlie  heavens,  that 
no  extensive  movement  of  their  instruments^ — an  important  point  in 
extreme  cases — will  be  necessiiry. 

Beginm'ng  with  6,  the  upjx^r  of  the  three  stars  which  form  tlio 
belt,  the  two  comixineTits  will  be  visible  in  alnuist  any  instnuiicnt 
which  may  be  used  for  setting  them,  being  of  the  second  and  seventh 
magnitudes,  and  well  sepanited.  The  companion  to  jS,  thougli  of 
the  same  nuignitudc  as  that  to  5,  is  much  more  difficidt  to  observe, 
in  consequence  of  it.s  proximity  to  its  bright  primary,  a  lii'st  magni- 
tude star.  Quaint  old  Kitchener,  in  his  work  on  telescopes,  mentions 
that  the  companion  to  Higel  has  been  seen  with  an  object-glass  of 
2^-inch  aperture ;  it  should  be  seen,  at  all  events,  with  a  3-inch. 
^,  the  bottom  star  in  the  belt,  is  a  capital  test  both  of  the  dividing 
and  space-penetrating  pjwers,  as  the  two  bright  stars  of  the  second 
and  sixth  magnitudes,  of  which  tlie  close  double  is  coTnposed,  are  but 
just  over  2^*  apart,  according  to  Secehi's  last  meusuremcnts.  The 
small  star  below,  which  the  late  Admiral  Smyth,  in  his  ehilnning  book, 
**  The  Celestial  Cycle,'*  mentions  as  a  test  for  his  object-glass  of  5*9 
inches  in  diameter,  is  now  plainly  to  bo  seen  in  a  *t^.  The  colours  of 
this  pair  have  been  variously  stated,  Struve  dubbing  the  sixth  mag- 
nitude— -which,  by  the  way,  was  missed  altogether  by  Sir  John 
Ilersuhel  — "  olivaceasubi-idjicunda." 

That  either  our  nuxlcm  opticians  contrive  to  admit  more  light 
by  means  of  a  superior  polish  imparted  to  the  surfaces  of  the  object- 
glass,  or  that  the  stars  themselves  are  becoming  biighter,  is  again 
evidenced  by  the  p}int  of  light,  prece^Ung  one  of  the  brightest  stairs 
in  the  system,  composing  jt.  Tliis  little  twinklcr  is  now  always  to 
bt*  seen  in  a  fS^-inch^  while  the  same  authority  we  have  before  quoted 
— ^Adminil  Smytli  —  speaks  of  it  as  being  of  very  difficult  vision  in 
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hi»  instrument  of  muuli  larg;or  climen«ions,  hi  tliis  vcn^  beiiutiiiil 
C(^inpoiiiKl  ftystera,  there  are  no  lens  than  seven  prininpul  skirs ;  tmd 
there  are  several  other  faint  ones  in  the  fiehL  The  ujiper  very  faint 
comjmnion  of  a  is  a  <k4it"ate  test  for  ti  ^^i  ineh,  wliieli  aperture,  how- 
ever, will  readily  di\ido  the  closer  double  of  the  principal  star*,  which 
are  about  5''  apart. 

These  objeets,  with  the  exception  of  <J,  have  been  given  more  to 
teist  the  space-penetratinn^  than  tlie  di voiding  power ;  the  telescope^s 
action  on  52  Onouis  will  at  once  decide  this  latter  quality.  This 
star,  just  ^xsihle  to  the  naked  eye  on  a  tine  night,  to  the  right  of  a 
line  joining  a  and  3,  is  a  very  close  double.  The  components^  of  the 
sixth  magnitude,  are  separated  by  less  than  two  seconds  of  arc,  and 
the  glass  which  shows  a  good  wide  bkek  division  between  them,  I'rec 
from  all  stray  light,  the  spurious  disks  being  perfectly  round,  and  not 
too  hrfje,  is  by  no  means  to  be  despised. 

The  '*  spuriouH  disk,"  whicli  a  fixed  star  presents,  as  seen  in  the 
telci^cope,  is  an  effect  which  results  from  the  passage  of  the  light 
through  the  object-glass ;  and  it  is  this  appearance  which  necessitiites 
the  use  of  the  largest  oi>ertures  in  the  observation  of  close  double 
stars,  as  the  size  of  the  star's  disk  varies,  roughly  speaking,  in  the 
inverse  ratio  of  the  aperture  of  the  object-gla«s. 

Then,  again,  we  have  a  capital  test  object  in  the  great  *'  Fish- 
mouth  '*  Nebula*  by  far  the  most  glorious  of  its  class  in  the  Noriheni 
hemisphere,  and  surpassed  only  by  that  surrounding  the  vuiiuble 
star  tj  Argfis  in  the  Southern.  And  although,  of  course,  the  beauty 
and  vastness  of  tliis  stupendously  remote  ncbida  increase  with  the 
inerea^d  power  of  the  instrument  brought  to  bear  upon  it,  a  large 
ajwrture  is  not  needed  to  render  it  a  most  impressive  and  awe- 
inspiring  object  to  the  beliolder.  In  an  ordinary  5- foot  achromatic, 
many  of  its  details  are  to  be  seen  tmder  favourable  atmospheric 
conditions.  Tliosc  who  are  desirous  of  studying  its  appearanc^e,  its 
seen  in  the  most  powerful  telest^opes,  are  referred  to  the  plut^  in 
Sir  John  Ilerschers  **  Results  of  Astronomical  Observ^ations  at  the 
Cape  of  Good  ITope/'  in  which  all  its  features  are  admirably  de- 
lineatt*d,  and  the  positions  of  150  stars,  which  surround  ^  in  the  urea 
occupiwl  by  the  Nebula,  laid  down. 

This  star  to  which  we  wish  to  call  especial  attention,  is  situate 
(see  fig.  131J)  opjM)site  the  liottom  of  the  **  fauces,"  the  name  given  to 
the  inrlen  tilt  ion  which  gives  rise  to  the  appearance  of  the  **  fish's 
mouth."  This  object,  which,  as  we  have  seen,  liits  biTii  designated 
the  **  tniix^zium,"  from  the  figin-e  fornuHl  l>y  its  prim-ipiil  i'oniiK)neuts, 
eonsitit^,,  in  fact,  of  sL\  stars,  the  tifth  and  sixth   {y  and  ^c'),  being 


ASTROI^OMICAL  FNSl'RllMENTS. 

excessively  faint.  Our  previous  remark,  relative  to  the  increased 
briglitiicsH  of  the  stars,  applies  liere  with  great  force ;  for  the  fifth 
escaptxl  the  gaze  of  the  elder  Uer^chel,  anued  with  his  powerful  in- 
struments, uiid  was  not  discovered  till  1826,  by  Struve,  who,  in  his 
turn,  missed  the  sixth  star,  which,  as  well  as  the  fifth,  has  been  seen 
in  modem  achi-omatics  of  such  small  size  as  to  make  all  comparison 
with  the  giant  telescoi>es  used  by  these  astronomers  ridiculous. 

Sir  John  Herschel  has  rated  /  and  a'  of  the  twelfth  and  foui^teenth 
magnitudes — the  latter  requires  a  high  p:iwer  to  observe  it,  by  reaaju 
of  itB  proximity  to  a.  lioth  these  stars  have  been  seen  in  an  ordinary 
5- foot  acliromatic,  by  Cooke,  of  3  j-inches  aperture,  a  fact  speaking 
volumes  for  the  perfection  of  surface  and  polish  attained  by  our 
modem  opticians. 

Observations  should  always  be  commenced  with  the  lowest  power, 
gradually  increasing  it  until  the  limit  of  the  aperture,  or  of  the 
atmospheric  condition  at  the  time,  is  reached  :  thofonocr  being  taken 
as  equal  to  the  number  of  himdrcdths  of  inches  which  the  diameter 
of  the  object-glass  conttiins.  Thus,  a  3S-inch  object-glass,  if  re^dly 
good,  should  bear  a  power  of  375  on  double  stars  where  light  is  no 
object ;  the  planets,  the  Moon,  &c.,  will  be  best  observed  with  a  much 
lower  power. 

It  is  always  more  or  less  dangerous  to  look  at  the  8un  directly 
with  a  telescope  of  any  aperture  above  two  inches,  as  the  dark 
glasses,  without  which  the  observer  would  be  at  once  blinded,  are 
apt  to  melt  and  crack  from  the  concentrated  bent.  We  must,  how- 
ever, except  the  cases  in  which  a  Dawes'  solar  eye-pioce  is  emiiloyed, 
its  smaller  field  of  ^dcw,  and  consequently  reduced  beam  admitted  to 
the  eye,  obviate  the  objections  attaching  to  tlirect  vision, 

A  diagonal  reflector,  however,  which  reflects  an  extremely  small 
per-centage  of  light  to  the  eye,  and  by  reason  of  its  prismatic  form 
refracts  the  rest  away  from  the  telescope,  aflbrds  a  very  handy 
method  of  solar  obsei^vation.  "\\Tien  this  is  used,  it  is  possible  even 
to  light  a  cigtir  at  the  focus,  while  the  Sun  is  observed  in  the  most 
satisfactor}^  manner  by  the  rays  intercepted  by  the  reflector. 

Care  should  Ik?  taken  that  the  object-glass  is  properly  adjusted. 
This  may  bo  done  by  observing  the  image  of  a  large  star  out  of 
focus.  If  the  light  be  not  equally  distributed  over  the  image,  or  the 
diflractiun  rings  are  not  circidar,  the  screws  of  the  cell  should  be 
carefully  loosened,  and  tlmt  part  of  the  ceU  towards  which  the  rings 
are  th^ol\^l  very  gently  tapped  with  wood,  initil  pci'foctly  equal  illu- 
mination is  arrived  at.  This,  however,  should  oidy  be  done  in  extreme 
cusos  ;  it  is  hero  especially  desirable  that  wo  should  let  urii  alone.] 
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We  will  now  describe  some  of  the  most  important  work  carried 
OB  ia  Observatories.  One  of  the  first  rooms  we  enter, — we  suppose 
ourselves  in  the  Paris  Observatorj^, — is  that  in  wbicli  the  meridiun 
instruments  are  placed.  Ilcre  at  onee  our  attention  is  riveted  by 
telescopes,  divided  circles^  and  clocks,  that  is  to  say,  by  instruments 
which  amplify  our  vision,  measm*e  angles  and  positions,  and  mea- 
sure and  diride  the  time. 

Three  telescopes,  of  which  one  is  fixed  to  the  centre  of  a  large 
circle,  attached  to  a  wall  at  the  end  of  the  room,  and  of  which  the 
nearest  is  the  most  modem  and  the  most  powerful*  have  all  the 
name  allotted  task,  that  of  showing  us  with  precision  the  moment 
at  which  the  stars  pass  through  the  plane  of  the  meridian,  and  of 
measuring  their  angular  distances  from  the  zenith,  whence  their 
position  with  regard  to  the  celestial  equator  can  bo  deduced. 

The  first  instrument  is  styled  a  mtmfl  eirck,  the  others  ai*e  transit 
inatru  mentis. 

In  all  these  instruments  the  tele9^:^opes  are  arranged  to  tm-n 
freely  on  their  axes,  placed  horizontally  in  a  direction  east  and  west, 
or  perpendicidarly  to  the  plane  of  the  meridian.  The  axis  of  each 
telesc4]tpe,  therefore,  never  leaves  this  plane,  uiid  as  the  daily  movement 
of  the  Earth  brings  by  turns  all  the  stars  on  the  meridian,  it  is  always 
possible  to  obsei^e  the  exact  instant  of  the  transit,  or  passage,  of 
one  of  them  through  this  plane.  To  render  this  observation  more 
easy,  the  transit  instruments  are  provided  with  a  series  of  fine 
spider  webs  placed  at  the  focms ;  these  are  shown 
ill  fig.  191.  The  higher  the  power  employed, 
the  more  rapidly  does  the  star  move  across  the 
field  of  view,  and  the  more  necessary  does  it 
become  to  notice  the  exact  instant  at  which  the 
star  passes  behind  the  different  '*  wii'cs,**  as  they 
are  called,  the  error  of  observation  being  di- 
minished by  taking  the  mean  of  the  times  of  the 
transits  across  all  of  them. 

We  see  in  Plate  XXXIX,  by  the  side  of  the  meridian  instrtnnents, 
two  astronomical  clocks  regulated  to  sidereal  time  and  beating  side- 
real seconds,  Tlie  notse  of  the  beat  is  sufficient  to  enable  the 
observer  to  follow  the  time,  this  he  estimates  to  within  a  tenth  of  a 
second,  in  such  a  manner  as  to  know  most  exactly  the  instant  of 
transit  when  it  takes  place  between  two  successive  beats. 

Visitors  will  scarcely  eare  to  regulate  their  watches  by  the  time 
kept  by  these  clocks,  which,  as  we  have  before  said,  is  sidereal,  or 
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»tar-timo,  reckon  nig  t]in»iighuut  twenty-foiir  hours,  the  transit  of  the 
first  |x»int  of  ArieB  beinoj  the  ^tart-poitit. 

The  mural  ciiTle  consists  of  ti  meiallie  circle  divided  into  degrees 
and  tractions  of  a  degree,  and  placed  in  the  meridian.  A  movable 
telescojx^  attached  to  its  centre  allows  us  to  ohserve  a  ^tar  at  the 
moment  of  transit ;  the  rlii'cctian  of  the  telescope  shows  the  angular 
distance  between  the  actual  position  of  the  star  and  the  zenith ; 
hence  wv  can  conclude  its  declination,  the  angular  distance  of  tlic 
star  from  the  celestial  eijuator- 

The  mnral  circle,  therefore,  serves  also  as  a  transit  circle;  re- 
ciprocally we  now  ijttach  divided  circles  to  transit  instruments  by 
means  of  which  tlie  zenith  distimce  is  measured.  The  mugnificent 
transit.%  both  on  the  one  model,  with  which  both  Greenwich  and 
PariH  are  now  endowed,  perform  both  these  important  functions. 

*  From  the  transit-room  we  must  now  pa.ss  to  the  dome,  under 
which  JH  placed  the  large  equatorial  of  15  inches  aperture. 

As  the  meridian  instruments  enable  us  to  observe  the  stars  only 
for  a  few  moments  as  tliey  are  passing  the  meridian,  it  becomes 
net:esftary  to  have  large  telescopeH  to  tblhiw  them  through  those 
regions  of  the  heavens  through  which  they  are  carrietl  by  the  diurnal 
muvemcnt, 

Tlii.s  desideratum  is  accomplished  by  means  of  the  eqimforiah 

As  we  see  on  Plate  XL,  the  telescope  is  fixed  on  an  axia,  on  which 
it  c;m  move  u])  and  down  as  it  were,  keeping  the  same  right  as- 
cension ;  this  iixis  is  attat^hed  to  another,  parallel  to  the  axis  of  the 
Earth ;  and  when  this  last  axia  is  in  motion,  the  telescope  can  change 
its  right  ascension.  It  Is,  therefore,  also  free  to  move  in  every 
direction  by  a  eouibi nation  of  these  tm^o  movements.  The  other 
most  important  parts  of  this  instrument  are  as  follow  :  firstly,  the 
telescope  ;  then  a  rlivided  circle,  at  right  angles  to  the  declination 
axis,  this  measures  tlie  declination  or  tlie  angle  distaiu-e  of  a  star 
from  the  celestiid  pole  a  second  circle  at  right  angles  to  the  polar 
axis,  nnd  therefore  in  the  i>Iane  of  the  equator,  which  measures 
right  ascension* 

There  is  also  a  clock-work  movement,  which  carries  the  instni- 
ment  in  one  direction  as  fast  as  the  diurnal  movement  of  the  Earth 
i«  cjirrying  it  in  the  other.  From  this  rcsidts  that,  if  the  telescope 
l»e  directed  towards  a  celestud  object,  such  object  can  be  kept  in 
the  field  of  view  for  hours,  This  affi^'ds  a  gi'eat  facility  ibr  oKser^ 
vations  of  the  planetary  disks,  sun-spots,  the  heads  of  comets,  &c. 

The  eipiatiJiial  may  also   be  uslhI   for  detcnuining  t^lestial  po- 
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sitions,  the  divided  circles,  which  enable  us  to  find  stars  and  other 
objects  in  the  day  time,  being  used  for  this  purpose. 

We  would  gladly  have  entered  into  some  particulars  of  the  way 
in  which  the  measurement  of  angles  is  accomplished,  and  of  the 
instruments  used,  of  the  precision  at  which  astronomers  have  arrived, 
thanks  to  the  ingenious  methods  and  the  progress  of  mechanical  and 
optical  art.  We  should  then  have  referred  to  micrometers,  divided 
circles,  heliometers  and  other  instruments  employed  in  observations. 
But  our  description  of  the  instruments  used  by  astronomers  is 
already  long.  We  must,  therefore,  refer  to  special  treatises  those 
who  are  desirous  of  entering  more  into  detail  in  these  matters. 
Our  object  will  have  been  sufficiently  gained  if  in  exciting  curi- 
osity we  have  succeeded  in  giving  the  desire  to  study  a  science  so 
capable  of  elevating  the  mind,  and  of  affording  it  the  purest  and 
noblest  enjoyments. 
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IV.— THE  SUN. 


Equatorial  horizontal  parallax 
Mean  distance  from  the  Earth 

Tune  of  rotation 


Old  valve. 

8'*'5776 


NewTalne. 
8"-9159 


/  Yariat 

]       24] 
I       the 


Diameter  in  miles         

Inclination  of  axis  to  plane  of  ecliptic 
Longitude  of  Node        . .    •     . . 

Mass        

Density 

Volume    ..         

Force  of  gravity  at  Equator 

Apparent  diameter  as  seen  from  the  Earth,  maximum 
,1  „  „  roinimitm 


Earth's  as  1  = 


for  1850 


95,274,000     ..     91,678,000 

Variable  with  the   latitude.      The  rotation  in 
hours  of  mean  solar  time  is  expressed  by 
the  formula,  865'  ±  165'  sin  1 1 

888,046      . .  853,380 

82<»45'] 

78  40 

354,936      ..         310,047 

0-250 

1.415,225      ..      1,260,100 

28-7       . .     27-6 

..      32  36"-41 
..31   32-0 


5'> 
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v.— ADDITIONAL  ELEMENTS  OF  THE  MOON. 


Mean  Horizontal  Parallax            . .                    . .         =         57    2*70 

Mean  Angular  Telescopic  Semidiameter            . .  15  33*36 

Ascending  Node  of  Orbit 13  53'  1 7' 

Mean  Synodic  Period         29*530588715  days 

Time  of  Rotation 27-321661418   „ 

Inclination  of  Axis  to  the  Ecliptic           130  10-8 

Longitude  of  Pole ? 

Daily  Geocentric  Motion    ..         ..          ..         ..          13  10  35 

Mean  Revolution  of  Nodes           6793«*-39l08 

„              „              Apogee  or  Apsides  . .         . .          3232*57343 

Density,  Earth  asl            =           0*56654 

Volume,        „                     =           0-O2012 

Force  of  Gravity  at  Surface,  Earth  asl             =               ^ 

Bodies  fall  in  One  Second           2*6  feet 
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VI.— SATURN'S  RINGS. 

Longitude  of  ascending  node  of  ring  on  the  ecliptic 
Incluiation  of  rings'  plane  to  the  ecliptic     . . 
Annual  precession  of  the  vernal  equinox  of  Saturn's  northern 
Complete  revolution  of  either  equinox  in 


Exterior  diameter  of  outer  ring 

Interior  »  „ 

Exterior  diameter  of  inner  ring 

Interior  ,,  ,t 

Interior  diameter  of  the  dark  ring     . . 

Breadth  of  outer  bright  ring   . . 

,,       of  the  division  between  the  rings 

„       of  inner  bright  ring    . . 

„       of  the  dark  ring 

„      of  the  system  of  bright  rings 

„       of  the  entire  system  of  rings. . 

Space  between  the  planet  and  dark  ring 


lfi7«    43'    28"-03 
as      10      21-95 
hemisphere  3*145 

412,080  years 
Miles. 


» 


Old  value. 

173,500 

153,500 

150,000 

113,400 

95,400 

10,000 

1,750 

18,300 

9,000 

30,050 

39,050 

10,150 


New  valae. 

166,920 

147,670 

144,310 

109,100 

91,780 

9,625 

1,680 

17,605 

8,660 

28,910 

37,570 

9,760 
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I.— THE   TEAR. 

Meaa  solar  days. 

The  mean  sidereal  year 365<>    t*^    9"  9«*6 

The  mean  solar  or  tropical  year 365      5    48  46054440 

The  mean  anomalistic  year  -365      6    13  49*3 

II.— THE  MONTH. 

Lunar  or  Synodic  Month . .  29 

Tropical  Month 27 

Sidereal        „  27 

Anomalistic  „  . .         . .  27 

Nodical         „  . .         . .  . .  . .  27 

The  lunar  month  is  the  same  as  the  lunation  or  synodic  months  and  is  the  time 
which  elapses  between  two  consecutive  new  or  full  moons,  or  in  which  the  moon 
returns  to  the  same  position  relatively  to  the  Earth  and  Sun. 

The  periotUc  month  or  synodic  mcmth  is  the  revolution  with  respect  to  the  movable 
equinox. 

The  sidereal  month  is  the  interval  between  two  successive  conjunctions  with  the  same 
fixed  star. 

The  anomalistic  month  is  the  time  in  which  the  Moon  returns  to  the  same  point 
(for  example,  the  perigee  or  apogee)  of  her  movable  elliptic  orbit. 

The  nodical  month  is  the  time  in  which  the  Moon  accomplishes  a  revolution  with 
respect  to  her  nodes,  the  line  of  which  is  also  movable. 


12 

44  2-84 

7 

43  4-71 

7 

43  11-54 

13 

18  37-40 

5 

5  35-60 

in.~THE  DAY. 

The  Apparent  Solar  Day,  or  interval  between  two 

transits  of  the  Sun  over  the  meridian        . .  variable. 

The  Mean  Solar  Day,  or  interval  between  two 

transits  of  the  mean  Sun  over  the  meridian       0    24      0      0 
(AstroDomers  reckon  this  day  tnm  noon  to  noon,  through  the  24  hours.) 


The  Sidereal  Day 
The  Mean  Lunar  Day 


23 
24 


56 
54 


4-09 
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VIII.— CATALOGUE  OF  KNOWN  VARIABLE  STABS.* 


Star. 
R  Andromedffi  . . 

RA. 

1870. 
b     m     ■ 

0  17  13 

Dccl. 
1870. 

+  37  51-3 

Period. 
D«ys. 

Chanffeof 
Magnitude 
from          to 
6 

Authority. 
Argelander 

fB  Cassiopese      .. 

0  17  36 

+  03  25-5 

.. 

Tycho  Brah6 

T  Pisciuin 

0  25  10 

+  13  52-9 

143± 

9.5 

11 

R.  Luther 

•  CassiopeoB 

0  33     9 

+  55  49-4 

791 

2 

2.5 

Birt 

U  'Piscinm 

0  37  35 

+     0  35-3 

9 

12<§ 

,Hind 

S  Cassiope» 

1  10     8 

-f  71  55-6 

.. 

13< 

Argelander 

S  Piscium 

1  10  40 

•+     8  13-7 

13m.± 

9 

13< 

Hind 

R  Piscium 

I  23  50 

+     2  12-0 

340 

7 

9.5 

Hind 

V  Piscium 

I  47  30 

+     8     8-5 

0 

9 

Argelander 

—  Arietis 

1  57  89 

+    11  64-1 

C.  H.  Peters 

R  Arietis 

2     8  44 

+  24  27-1 

186 

8 

12< 

Argelander 

0  Ceti  . . 

2  12  47 

-    3  34-1 

331-330 

2 

12  < 

D.  Fabricius 

f  Persei 

2  50  51 

+  38  20-1 

33 

4 

Schmidt 

fi  Persei 

2  50  43 

+  40  27-2 

2-80727 

2.5 

4 

Montanari 

R  Persei 

3  21  47 

+  35  13-2 

419 

8-0 

13< 

Schonfeld 

X  Tauri 

3  53  29 

+  12     7-3 

3-952 

4 

4.5 

Baxendell 

U  Tauri 

4  14  15 

4-  19  30-2 

9 

10.4 

Baxendell 

T  Tauri 

4  14  25 

+  19  13-5 

9.7 

13.5< 

Hind 

R  Tauri 

4  21  10 

+     9  52-2 

327 

8 

13.5< 

Hind 

S  Tami 

4  22     5 

+     9  39-4 

875 

10 

13  < 

Oudemans 

R  Ononis 

4  51  55 

+     7  55-7 

878 

9 

12.5< 

Hind 

f  Aurigw 

4  52  38 

+  43  37-7 

250 

3.5 

4.5 

Heis 

JU  Leporis 

4  53  41 

-  15     0-2 

400± 

7 

Schmidt 

R  Aurigie 

5     0  48 

+  53  20-2 

.. 

Argelander 

a  Ononis 

5  48     8 

+     7  22-8 

190± 

1 

1.5 

J.  Herschel 

R  ^lonocerot^'s   . . 

fi  32     4 

+     8  50-9 

10 

1-3     . 

Schmidt 

5  Geminonim     . . 

0  50  24 

+  20  45-5 

10-10 

3.8 

4.5 

Schmidt 

R  Gominornm  . . 

0  5!)  32 

+  22  54-1 

370 

7.3 

11 

Hind 

R  Canis  Minoris 

7     I  32 

+  10  13-0 

329 

8 

10 

Argelander 

S  Canis  Minoris 

7  25  39 

+     8  35-0 

835 

7.5 

13  < 

Hind 

S  Geminonim    . . 

7  35  14 

+  23  45-2 

294-07 

9.2 

13.5< 

Hind 

T  Geniinorum    . . 

7  41  30 

+  24     3-3 

288-04 

9.5 

13.5< 

Hind 

U  Geminorum  . . 

7  47  23 

+  22  20-5 

97 

9 

13.5< 

Hinii 

*  This  catalogue  has  been  recently  communicated  (in  a  more  complete  form)  to 
the  ll(»yal  Astronomical  Society  by  Mr.  G.  F*  Chambers,  to  whom,  and  to  Mr.  G.  Knott 
and  Mr.  Baxendell,  the  Editor  is  indi-bted  for  a  careful  revision  and  additional  in- 
fonnation. 

+  This  is  the  celebrated  temporary  star  observed  by  Tycho  Brahe. 

♦  This  is  Hind's  celebrated  "  crimson  star."  It  well  deserves  all  that  has  been  said 
of  it,  for  it  is  a  truly  remarkable  object.  In  1855  Schmidt  reported  it  to  be  gaining  light 
and  losing  colour;  when  I  last  saw  it,  however,  on  Januaiy  4,  1805,  its  colour  was  «s 
deep  a  ruby  as  well  could  be.    Its  magnitude  gauged  by  Dawes's  method  was  0^. 

§  The  symbol  signifies  that  the  star's  minimam  magnitude  fell  below  tliat  given  ; 
how  much  is  not  kn<»\ni. 


VARIABLE  STARS. 
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Star, 
li  Cancri 

RA. 

1870. 
h     m     ■ 
8     9  24 

Decl. 
1870. 
o      / 
+  12     7-4 

Period. 
Days. 

359 

Change  of 
Magnitude, 
from          to 
0           10< 

Authority. 
Schwerd 

U  Cancri 

8  28  19 

+  10  20-5 

300 

9 

13.5< 

Chacomac 

S  Cancri 

8  30  30 

+  19  30-0 

9-48 

8 

10.5 

Hind 

S  Hydra 

8  40  47 

+     3  33-5 

250 

8.5 

13.5 

Hind 

T  Cancri 

8  49  14 

+  20  20-7 

455± 

9.5 

12 

Hind 

T  Uydrffi 

8  49  20 

-    8  38-7 

292or32e±  0.5 

10.5 

Hind 

a  HydTfP 

9  21  12 

-    8     5-9 

55 

2.6 

8 

J.  Herschel 

R  Leonis  Minoris 

P  37  40 

+  35     0-5 

1  year  ± 

7 

11 

Schonfeld 

K  Leonis 

9  40  34 

+  12     1-8 

312-57 

5 

11.5 

Koch 

R  Ursop  Mtyoris 

10  35  25 

+  09  27-4 

301-90 

7 

13 

Pogson 

«  Argfis 

10  40    2 

-  59     0-1 

40  years 

I 

4 

Burchell 

S  Leoni» 

11     4     7 

+     0  lO-l 

192 

9 

13< 

Chacomac 

Leonis 

11  31  40 

+     4     5-5 

, . 

10 

14 

C.  H.  Peters 

R  Com«>Berenicis 

11  57  35 

+  19  30-3 

lyear± 

8 

13  < 

Schonfeld 

T  Virginis 

12     7  50 

-    5  18-7 

337 

8 

13< 

Boguslawski 

T  Ursffi  Mtgoris 

12  30  28 

+  00  12-2 

257 

0.7 

13< 

Argelander 

R  Virginis 

12  31  54 

+     7  42-2 

140 

0.5 

11< 

Harding 

S  Ursflc  Miyoris 

12  38  15 

+  01  48-3 

222-0 

7.5 

12 

Pogson 

U  Virpinis 

12  44  30 

+     0  15-7 

212 

7.5 

12< 

Harding 

V  Virginis 

13  21     0 

-    2  29-7 

252 

7 

Goldschmidt 

R  (P)  Hydras       . . 

13  22  37 

-  22  30-4 

447-8 

4 

io< 

J.P.Maraldi 

S  Virginis 

13  -.^O  13 

-    0  31-4 

380-11 

0 

11 

Hind 

T  Bootis 

14     8     0 

+  19  40-5 

9.7 

u< 

BaxendeU 

S  Rootis 

14  18  32 

+  54  24-2 

, , 

8 

12 

Argelander 

R  Camelopardi  . . 

14  27  35 

+  84  25-2 

205 

7 

13 

Winnecke 

R  Ror»tis 

14  31  27 

+  27  18-1 

190 

8 

12 

Argelander 

U  lioiitis 

14  34  4^ 

+  28     1-4 

9.6 

13 

BaxendeU 

S  Serpentis 

15  15  34 

-*■  14  47-0 

359 

8 

10< 

Harding 

S  CoroniD           ^ 

15  10     0 

+  31  50-2 

0.5 

Hencke 

R  Coronas 

15  43  13 

+  28  33-5 

350 

0.2 

13< 

Pigott 

)  Libra? 

15  43  14 

-     8     2-4 

0-98 

Schmidt 

R  Ser|)onti8 

15  44  44 

+  15  31-8 

352 

0.6 

io< 

Harding 

R  LibnT) 

15  40  15 

-  15  50-8 

7-22 

9 

13.5< 

Pogson 

R  Ilereulis 

10     0  23 

+  18  43-4 

310 

8.5 

13.5 

Argelander, 

T  Scorpii 

10     9  18 

-  22  390 

7 

13< 

Auwers 

R  Scori)ii 

10     9  54 

-  22  37-3 

048 

9 

14< 

Chacomac 

S  Scorpii 

10     9  50 

-  22  34-2 

304 

9 

13  < 

Chacomac 

IJ  Scoq)ii 

10  14  59 

-  17  34-5 

9.5 

13.5 

Pogson 

U  H<'rciilis 

10  20     3 

+  19  11-4 

7 

13 

Hencke 

30  Horculis 

10  24  22 

+  42  lO-l 

100 

5 

0 

BaxendeU 

T  <  )phiii(rhi 

10  20  18 

-  15  51-2 

10.5 

13< 

Pogson 

S  Opliiufhi 

1(1  20  47 

-  10  53-1 

229-3 

9.3 

13.5< 

Pogson 

S  Heivulis 

10  45  59 

+  15     9-7 

303 

7.5 

12.5 

Schonfeld 

♦Nova  Ophiuchi 

10  52  13 

-  12  41-4 

.. 

4.5 

13.5  < 

Hind 

*  This  is  Hind's  well-known  star  which  suddenly  hlazed  out  in  Ophinchus  in  the 
spring  of  1848,  concerning  which  see  Monthly  Notices  R.A.S.  voL  viii.  p.  140. 

L  L 
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star. 

R.A. 
1870. 

DocL 
1870. 

Period. 

Change  of 
Maffmtude. 

Authority. 

h      m     ■ 

O         / 

Days. 

from 

to 

R  Ophiuchi 

17    0  18 

-  15  55-0 

304-6 

8 

13.5< 

Pogson 

a  Hercnlis 

17    8  43 

+  14  32-4 

,88-5 

3.1 

3.9 

W.  Herschel 

Nova  Ophiuchi 

17  32  51 

-  21  221 

, , 

. , 

D.  Fabricios 

T  Herculis 

18    4  11 

+  31     0-0 

164-7 

7.9 

13< 

Argelander 

T  Serpentis 

18  22  28 

+     6  13-0 

310 

10.6 

u< 

Baxendell 

RScutiSobieskii 

18  40  33 

-    5  60-5 

71-75 

6 

9 

Pigott 

fi  LyrflB 

18  45  17 

+  33  12-7 

12-906 

3.5 

4.5 

Goodricke 

R  (13)  Lyr«       . . 

18  61  23 

+  43  46-6 

46 

4.2 

4.6 

Baxendell 

R  AquilsB 

19    0     7 

+     8    2-1 

351-5 

6.5 

Argelander 

T  Sagittarii 

19    8  43 

-  17  110 

.. 

8.5 

12< 

Pogson 

R  Sagittarii 

19    9    4 

-  19  32-0 

465 

8 

13< 

Pogson 

S  Sagittarii 

19  11  49 

-  19  15-6 

.. 

10.6 

Pogson 

R  Cygni 

19  33  20 

+  49  54-5 

416-72 

8 

u< 

Pogson 

♦Vulpeculaj 

19  42  14 

+  26  59-8 

Anthelm 

S  Vulpeculae ,     . . 

19  43    4 

+  26  57-9 

67-9 

8.8 

9.8 

Rogerson 

X  Cygni 

19  45  34 

+  32  35-2 

406-06 

5 

13< 

G.  Kirch 

fi  A.quilce 

19  45  51 

+    0  40-4 

7-1763 

3.6 

4.4 

Pigott 

S  Cygni 

20    2  47 

+  57  36-7 

324 

9 

13  < 

Argelander 

R  Capricofni 

20    4     1 

-  14  39-2 

... 

9.5 

13.5 

Hind 

S  Aqiiihe 

20     5  39 

+  15  14-3 

124  ± 

8.9 

11.3 

Baxendell 

R  Sagittfu 

20    8     8 

+  16  20-0 

70-88 

8.3 

10.3 

Baxendell 

R  Delphini 

20    8  39 

+     8  41-4 

9 

12  < 

Hencke 

P(:)4)  Cygni      .. 

20  13    0 

+  37  37-8 

18  years  ± 

3 

6< 

Jansen 

R  (i>4)  Cephei     . . 

20  23  41 

+  88  44-0 

73  years  + 

6 

U 

Pogson 

S  Delphini 

20  37     5 

+  16  37-4 

284 

8 

13-5 

Baxendell 

T  Delphini 

20  39  20 

+  15  55-7 

332 

8.6 

12 

Baxendell 

U  Capricorni     . . 

20  40  54 

+  15  15-6 

420 

11 

13.5< 

Pogson 

T  Aquarii 

20  43     6 

-    5  37-6 

197 

7.8 

0 

Goldschmidt 

R  Viilpeculffi 

20  58  36 

+  23  18-4 

138-6 

8 

13.5 

Argelander 

T  Capricorni 

2]   14  50 

-  15  42-6 

274 

9 

14< 

Hind 

S  Cephei 

21  30  47 

+  78    2-3 

470 

8.9 

11.12 

Winnecke 

f*  Cephei 

21  39  31 

+  58  11-1 

5  or  6  years 

4 

6 

W.  Herschel 

T  Pegasi 

22     2  33 

+  11  54-2 

10 

13< 

Hind 

-  Aquarii 

22  22  31 

-  10  360 

4f  years 

7.8 

Riiinker 

2  Cephei 

22  24  2 1 

+  57  45-0 

5-3664 

3.7 

4.8 

Goodricke 

S  Aquarii 

V2  50    8 

-  21     2-1 

279-3 

8 

IK 

Argelander 

/3  Pegasi 

22  57  2S 

+  27  i>2-7 

31-5  or  43-4 

2 

2.5 

Schmidt 

R  Pegasi 

23     0     7 

+     9  50-6 

578 

8.5 

13.5 

Hind 

R  Aquarii 

23  37     5 

-  16    0-3 

354  or  388-5 

7 

10< 

Harding 

R  Cassiopea* 

23  51  40 

+  50  39-9 

434-81 

6 

14< 

Pogson 

*  A  celebrated  **  temporary  star." 


A  CATALOGUE  OF  CELESTIAL  OBJECTS. 


The  following  Catalogue  is  designed  to  furnish  a  series  of  objects  available 
for  achromatic  telescopes  of  about  three  inches'  aperture  and  four  feet  focal 
length.  With  very  few  exceptions,  those  visible  in  England  have  actually 
been  examined  with  an  instrument  of  this  size  ;  the  remainder  have  been 
selected  with  care  from  various  sources,  but  chiefly  from  Sir  J.  Herschel's 
"  Cape  Observations."  It  is  believed  that  this  is  the  first  systematic  abridg- 
ment of  the  catalogues  contained  in  that  work  yet  attempted.  By  adopting 
the  plan  of  combining  northern  and  southern  objects,  the  lists  which  follow 
have  been  made  available  for  use  in  either  hemisphere.  Speaking  generally, 
double  stars  are  characteristic  of  the  northern  heavens;  remarkable  clusters  and 
nebulae,  of  the  southern.  Nearly  all  the  celebrated  aggregations  of  stars  are 
situated  south  of  the  celestial  equator,  whilst  important  doubles  are  rather 
scarce  there. 

PART  I— DOUBLE,  TRIPLE,  AND  MULTIPLE  STARS. 

As  a  general  rule,  no  stars  are  inserted  which  are  less  than  2"  or  more 
than  60"  apart.  Also,  as  a  general  rule,  no  principal  star  is  included  which 
is  less  than  the  6Jth  magnitude,  and  no  secondary  one  which  is  less  than 
the  7jth  ;  but  in  some  special  cases  these  limitations  have  been  disregarded, 
as  in  regions  where  objects  are  sparsely  scattered  and  an  adequate  number 
fulfilling  the  requisite  conditions  could  not  be  obtained.  Many  stars,  double 
when  examined  by  small  telescopes,  appear  triple  and  quadruple  in  larger 
ones :  reckoned  under  the  latter  head  they  would  be  inappropriate  for  this 
list,  but  not  so,  regarded  in  the  more  elementary  form.  The  magnitudes 
are  chiefly  from  Smyth  and  Webb;  the  distances  from  Secchi  and  Dcmbowski. 
Secchi's  epoch  is  generally  1857±;  Dembowski's,  1863  ^t-  Where  their 
catalogues  failed,  recourse  was  had  to  Smyth  as  a  rule.  In  double-star 
nomenclature  A  denotes  the  largest  star,  and  B,  C  ,  &ci,  the  smaller  ones 
in  succession. 


Star. 

R.A.  1870. 
h     m 
. .       0  a."^  34 

Dcol.  1870. 

Mag.           Distance.            Notes. 

/S  Toucani 

-  63'*40-4 

boUi  5           2H 

«•  Andromedae.. 

0  29  56 

+  38     02 

^  and  9        36 

n  Cassiopese     . . 

. .       0  41     0 

+  57     7-8 

4    and  7^        6-0    700-year  binary 

For  this  Catalo|:rne  the  Editor  is  indebted  to  the  kin  incss  of  Mr.  G.  F.  Chambers. 
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star. 

RA.  1870. 

DecL1870. 

ICag.          Diatanoe 

Note*. 

65  Piscium 

0  42  53 

+  27°  0-2 

5iand6 

4-5 

1^'  Pisdora 

.       0  58  42 

+  20  46-6 

both  5^ 

30 

a  Urss  Minoris 

1  11   17 

+  88  87-0 

2iand9i 

18-4 

37  Ceti 

1     7  49 

-    8  37-5 

6    and7i 

51 

6  Eridani 

I  34  52 

-  56  51-8 

both6i 

3-7 

y  ArietU 

.       1  46  23 

+  18  39-5 

4iand5 

8-8 

X  Arietis 

1  60  41 

+  22  57-7 

5iand8 

37 

•  Pisoium 

.       1  55  18 

+    2    8-1 

5    and  6 

3-8 

y  AndromediB . . 

1  55  55 

-¥  41  42*4 

3iand5i 

10-3; 

B  also  double 

tti)  Andromedai 

2    3    4 

+  38  25-5 

6    and  7 

16 

Tiiftuguli 

2    4  49 

+  29  41-6 

5iand7 

3-5 

72  P  n.  CassiopeflB     . 

2  18  22 

+  66  49-0 

4i,  7,  and  9 

l-8and7''-8 

m  Fornacis 

2  28    8 

-  28  48-3 

6iand8 

10 

30  Arietis 

.       d  29  26 

4-  24    4*9 

6    and  7 

38 

l2Pereei 

.       2  34    3 

+  39  88-7 

6    and7i 

22-9 

r  Ceti 

.       2  36  34 

+    2  41-3 

8    and  7 

2-7 

n  Pereei 

.       2  41   13 

+  55  21-2 

5    and  81 

28 

41  Arietis 

2  42  19 

+  26  43-5 

3, 13, 11,  9 

15,36 

r,  and  125"  (aU 
from  A) 

220  P  II.  Pereei 

2  51  36 

+  51  50-0 

6    and  8 

12-5 

0  Eridani 

2  53  20 

-  40  49-6 

4iand5i 

8-8 

a  Eridani 

.        3     6  32 

-  29  80-3 

4    and  7 

5 

/  Eridani 

.       3  43  48 

-38    1-1 

5    and5| 

9 

32  Eridani 

3  47  50 

-    3  20-3 

5    and  7 

6-8 

1  Pereei 

3  49     7 

+  89  37-8 

3iand9 

8-4 

;cTauri 

4  14  40 

+  25  19-2 

6    and  8 

19-4 

^  Horologii     . . 

4  15  10 

-  44  34-8 

5|and8 

70 

T  Tauri 

.       4  34  26 

+  22  42-1 

5    and8i 

68 

1  Pictoris 

4  48     1 

-  53  41-1 

6    and  7 

12 

14  AurigaB 

.       5     6  56 

+  32  32-2 

5    and7i 

14-6 

fi  Orionis 

5     8  17 

-    8  21-2 

1    and  9 

9-5 

170  r  Leporis  . . 

.        5  13  33 

-  18  39-4 

7    and7{ 

39 

28  Orionis 

.       5  15  59 

+    3  25-1 

5    and  7 

32 

118  Tauri 

5  21  15 

+  25     2-6 

7    and7i 

51 

)  Orionis 

5  25  22 

-    0  23-8 

2    and  7 

53-3 

(Secchi,  8(r) 

A.  Orionis 

.       5  27  58 

+    9  50-8 

4    and  6 

4-5 

1  Orionis 

.        5  29     3 

-    5  59-8 

3i,8i,ll 

11-2, 

50" 

r  Orionis 

5  82  13 

-    2  40-5 

4,  8,  and  7 

12,     42" 

I  Orionis 

.       5  34  11 

-    2     0-8 

8,  6i,  and  10 

2-4, 

56"    (Secchi, 
114") 

y  Leporis 

5  39     3 

-  22  29-2 

4    and6i 

93 

41  Aurigflc 

6     1  38 

+  48  44-1 

7    and  71 

7-8 

11  Monocerotis 

.       6  2y  31 

-     6  57-0 

6|,  7,  and  8 

7-2, 

9''-6    (7  and   8, 
2".5) 

12Lyncis 

.        6  34  44 

+  59  34-2 

6, 61, and  74 

1-7, 

8"-7 

2193  B.A.C.  Argo  Nnv 

is      6  35     9 

-  48     0-8 

5iand8 

13 
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Star. 

RA.  1870. 

Decl.  1870. 

Mag.         Distance.           Notes. 

958  2  Lyncis   . . 

h     m     ■ 

6  87  20 

-  65  58-5 

both  6 

0 
5-1 

38  Geminomm 

6  47  18 

+  13  20-6 

6iand8 

6 

301  P  VI.  Lyncis 

6  55  19 

+  52  57«1 

6    and6| 

3-4 

2336  BJl.C,  Argo  Navis 

7     1  16 

-  58  59-1 

6iand7i 

2 

y  Volantis 

7     9  50 

-  70  17-3 

6    and  7 

12 

IQLjncis 

7  12  14 

+  55  31-6 

7,  B,  and  8 

15  and  216" 

a  Geminonim . . 

7  26  18 

•f  82  10*4 

d'   and  3^ 

5-4 

175  P  Vll.  Argo  Navis 

7  33  30 

-  26  30-4 

both6i 

9-8 

2  Argo  Navis   . . 

7  89  30 

-  14  22-5 

7    and7i 

17 

Z  Cancri 

8    4  45 

+  18     2-4 

6,  7,  and  7i 

0-7  and  5-4 

y  Argus 

8     5  31 

-  46  56-3 

2    and  6 

41 

^  Cancri 

8  18  55 

+  27  21-6 

6    and6i 

4-7 

108  P  VIII.  HydrsB    .. 

8  28  56 

+     7     4-5 

6    and  7 

10-5 

124  P  VIII.  Cancri   .. 

8  32  22 

+  20    0-2 

7,7i,and6i 

45  and  90" 

3073  B.A.C.  Argo  Navis 

8  53  47 

-  58  43-7 

6    and  7 

40 

38  Lyncis 

9  10  44 

+  37  21-2 

4    and7i 

2-8 

y  Leonis 

10  12  47 

+  20  30-1 

2    and  4 

2*8 

3«13B.A.C.  Argo  Navis 

10  26  23 

-  44  24-1 

both  7 

14 

1474  2  Hydrae . . 

10  .41  10 

-  14  34-5 

7,  7,  and  8 

71  and  6 '7 

54  Leonis 

10  48  34 

•f-  25  26*6 

4iand7 

6-3 

I  Ursfle  M^joris 

11  11  15 

+  32  16-0 

4    and5i 

2-5 

1  Leonis 

11  17     8 

+  11   14-9 

4    and7i 

2-5 

nCrateris      .. 

11  25  49 

-  28  32-9 

6^  and  7 

10 

fM)  Lajnis 

11  27  57 

+  17  31«0 

6,7i,and9i 

3-2  and  63 

65  UrsflD  Majoris 

11  48  19 

+  47  12-0 

7, 9^,  and  7 

3-8  and  68" 

2  Comae  Berenices 

11  57  37 

+  22  IM 

6    and  71 

3-7 

4115B.A.C.  Centauri.. 

12     7  15 

-  45    0-1 

6^  and  7 

4 

m  Crucis 

12  19  23 

-  62  22-7 

2,  2,  and  6 

6, 90"  [quintuple] 

17  Comee  Berenicfc    . . 

12  22  27 

+  26  38-0 

5iand6i 

i  Corvi 

12  23     8 

-  15  47-4 

8    and8i 

24-1 

y  Crucis 

12  23  58 

-  56  23-0 

2    and  5 

120 

24  Comsc  Berenices   . . 

12  28  36 

+  19     5-5 

6iand7 

20-4 

y  Virginis 

12  35     5 

—    0  44-2 

both  4 

4-0   (1863) 

231  PXII.Camelopardi 

12  48  17 

+  84     7-2 

6    and6i 

22 

12  Cannm  Venaticorum 

12  49  57 

+  39     l-l 

2^  and  6^ 

201 

54  Virginis 

13     6  30 

-  18    8-1 

7    and7i 

5-7 

^  Ursffi  Majoris 

13  18  40 

+  65  36-3 

3    and  5 

14-4 ;  Alcor.  mag.  5  is 
distant  1  If 

/Hydrffi 

13  29  35 

-  25  49-7 

6    and  7 

10 

3  Centauri 

13  44  20 

-  32  20-9 

6    and  7 

9 

i  Bootis 

14  11  34 

+  61  58«0 

4iand8 

38 

4740  B.A.C. Centauri.. 

14  13  20 

-  67  51-8 

5i,  8,  and  11 

9-6  and  35 

69  P  XIV.  BooUs 

14  16  59 

+    9     2-4 

6    axkd7( 

6-2 

a  Centauri 

14  30  58 

-  60  17-9 

I    and  2 

15-5    (1888) 

«-  Bootb 

14  34  86 

+  16  68-6 

8iand6 

6-0 

ft4Hydnp 

14  88  80 

-  24  68-3 

5iand7i 

9-8 
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star. 

B.A.  1870. 

Ded.  1870. 

Mag. 

Distance.           Notes 

1  Bootis 

14  39  18 

+  27°  37-4 

3    and  7 

2*6 

39  Bootis 

14  45  17 

+  49  15-2 

5^  and  6^ 

3-8 

1  Bootis 

14  45  22 

+  19  38-5 

3i  and  6i 

5-6 

212PXIV.Librffi       .. 

14  49  51 

-  20  48-4 

6    and7i 

12 

44  Bootis 

14  59  31 

+  48     9-7 

5    and  6 

4-5 

M  Lupi 

15     2  55 

-  48  14-4 

5|and6i 

27 

A»Lnpi 

15     9  3D 

-  47  23-7 

6,  7,  and  6 

20  and  2"- 1 

ft  Bootis 

15  19  35 

+  37  50-0 

4    and  8 

108;  B  also  double 

)  Serpentis 

15  28  36 

+  10  58-5 

3    and  5 

3-2 

^  Coronae 

15  84  29 

+  37     3-6 

5    and  6 

6-2 

ILupi 

15  48  35 

-  33  34-9 

both  6i 

10 

51  Librae 

15  57  13 

-  11     0-8 

^  and  7i 

7-2;  A  also  double 

fi  Scorpii 

15  57  52 

-  19  26-8 

2    and5i 

13-6 

»  Herculis 

16     2  12 

+  17  23-7 

5i  and  7 

30-4 

t  Scorpii 

16     4  26 

-  19     7-2 

4    and  7 

40 ;  B  also  double 

6435  B.A.C.  Scorpii    . . 

16  11  19 

-  30  35-4 

7    and7i 

27 

r  Scorpii 

16  13  17 

-  25  16-8 

4    and9i 

20-4 

(  Ophiuchi 

16  17  47 

-  23     8-7 

5    and7i 

3-4 

17  Draconis    .. 

16  33  10 

+  53  11-2 

6,6i,  and6 

3-7  and  90" 

ft  Draconis 

17     2  39 

+  54  38-7 

4    and4i 

2-6 

36  Ophiuchi    .. 

17     7  20 

-  26  23-9 

4i  and  6^ 

4-4 

m  Herculis 

17     8  43 

+  14  32-2 

3|  and  5^ 

4-7 

39  Ophiuchi     . . 

17  10     5 

-24     8-5 

5J  and  7i 

10-8 

^  Herculis 

17  1!)  12 

+  37  16-1 

4    and  5^ 

3-H 

V  Draconis 

17  29  35 

+  55  16-4 

both  5 

62 

if*  Draconis 

17  44  14 

+  72  12-9 

5^  and  6 

31 

67  Ophiuchi     . . 

17  54     8 

+     2  56-3 

4    and  8^ 

55 

95  Herculis      . . 

17  55  59 

+  21  35-9 

5i  and  6 

6-2 

70  Ophiuchi     . . 

17  58  52 

+     2  32-5 

4^  and  7 

5-6 

100  Herculis    . . 

18     2  34 

+  26     4-8 

both  7 

14-1 

•  40  Draconis     . . 

18     9  46 

+  79  58-8 

5i  and  6 

20 

M  Coronas  Australis    . . 

IH  24  24 

+  38  48-9 

7    and  7^ 

22 

1  Lyrae 

18  4(»    0 

+  39  32-0 

5,6iand5,5i    3-0  and  2"-5 ;  distanc 

A  A  207" 

Z  LyraB 

18  40  17 

+  37  28-2 

5    and5i 

44 

fi  LyrsB 

18  45  15 

+  33  12-7 

3-5  (i.e.  var.) ; 
8,8(,and9  . 

46,  60",  and  71" 

t  Serpentis 

18  49  45 

+     4     1-9 

4^  and  5 

21-7 

7  Coronae  Australis    . . 

18  57  38 

-  37  14-7 

both  6 

2* 

15  Aquilffi 

18  58     6 

-    4  13-4 

6    and  7^ 

35 

^»  Sagittarii 

19  13  17 

-  44  42-0 

5    and7i 

fi  Cygni 

19  25  28 

+  27  41-3 

3    and  7 

34-4 

16  Cygni 

19  38  22 

+  50  13-4 

6iand7 

37 

57  Aquilaj 

19  47  35 

-    8  33-8 

64  and  7 

85 

320PXIX.Vulpeculai 

19  47  39 

+  20    0-0 

both  7 

43 

26PXX.Ananoi 

20    5  67 

+    0  28-8 

6iand7 

3-3 

(JH'STERS  AND  NEBfL^. 
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Star. 

RJk.  1870. 

h     m     K 

.      20     »  32 

Decl.  1870. 

MaR. 

Distance.          Notca. 

(U  Cygni 

o       / 

+  40  20MI 

4,  71,  and  5i 

107  and  338" 

«  (^apriromi    . . 

20  10  50 

-  12  50-7 

3    and  4 

373 

»  Cephei 

20  13  15 

+  77  19-1 

4^  and  8i 

7-2 

$  Cai)icorni 

20  M  42 

-  15  11-4 

3^  and  7 

205 

«  Capricomi     . . 

20  22  20 

-  19     0-0 

0    and  7 

220 

y  Delphini 

20  40  38 

+  15  39-0 

4    and  7 

11-7 

7191  B.A.C.  Pavonis  . . 

20  40  45 

-  02  54-.\ 

both  OJ 

8-2 

•  Equulei 

20  52  35 

+     3  47-9 

5    and7i 

10-0 ;  A  also  double 

X  Equulei 

20  55  4ft 

+     0  40-2 

0    andO^ 

2-8 

01  Cygni 

21     0  52 

+  38     5-1 

5i  and  0 

18-3 

1  Pegasi 

21   10     4 

+  19  14-9 

4    and  9 

30 

fi  Cephei 

21  20  55 

+  09  59-0 

3    and  8 

14 

248  P  XXI.  Cephei     . . 

21  34  55 

+  50  54-1 

0,8i,and8i 

12  and  20" 

^  Cygni 

21  38  18 

+  28     9-5 

5,0,  and  7 J 

4-0  and  217" 

I  Cephei 

22     0     1 

+  03  59-0 

5    and  7 

5-8 

1 1  P  XXII.  Cephei    . . 

22     4  12 

+  58  39-4 

0    andO^ 

21 

m  Pegasi 

22  17  24 

+  20  11-5 

0^,9,  and  8 

2-2  and  00" 

M  Aquarii 

22  19  20 

-    17  24-0 

both  Oi 

8-5 

^  Aquarii 

22  22     7 

-     0  41-1 

4    and  4^ 

3-4 

)  Cephei 

22  24  20 

+  57  45-0 

4iand7 

41 

8  Lacerta* 

22  30     5 

+  38  57-7 

Oi,0j,ll,10 

two  nearest,  23" 

y  Piscis  Australis 

22  45  18 

-  33  33-7 

5    and  8 

2i 

H04«  B.A.C.  Gruis 

22  59  43 

-  51  23-2 

7    and7i 

8-0 

107  Aquarii 

23  39  15   ' 

-  19  24-1 

0    and7i 

5-0 

ff  Cassiopen* 

23  52  24 

+  55     1-8 

0    and  ft 

3-1 

PAPT  IL— CLUSTERS  AND  NEBUL.E. 

Many  clnstors  and  nebnla?  are  iMble  in  small  telescopes,  which  cannot 
fairly  Ikj  grasped  l)y  such  instruments.  The  largest  and  brightest  only  have 
lHH?n  select4»d  for  insertion  in  this  list ;  and  it  may  as  well  be  stated  at 
the  outset,  that  many  of  them  will  be  found  disappointing  with  apertures 
below  5  inches.  Abundant  light  and  (generally)  low  magnifiers  are  essential 
requisites  for  the  satisfactory  examination  of  all  kinds  of  clusters  and 
nebulae. 

The  numbers  preceding  the  letter  H  refer  to  Sir  J.  HerscheFs  great 
catalogue  of  1864,  from  which  nearly  all  the  places  are  deriyed. 


Name. 
47  Tonrani 

3]  M.  Andromedfe 


RA.  1670.       Decl.  1870. 


h      m      ■ 
0  18  14 


•-72  48-2 


0  35  30     +40  33' 


•I 


Noteo. 

line  globular  cluster. 

'*The  great  nebula  in  Andromeda. 
Visible  to  the  naked  eye.  In  small 
telescopes,  an  elongated  ellipse. 
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Name. 

78  If  VIII.  Cassiopeffi 
Nubecula  Minor 
193  H.  Toucani 

103  M.  Cossiopese     .. 

33  M.  Trianguli 
31  ^  VI.  Cassiopeae 

33  and  34  ^  VI.  Persei 

34  M.  Persei.. 
731  H.Eridani 

M  Tauri 

y  Tauri 

1001  H.  ColumbflR 
38  M.  Aurigro 
Nubecula  Mtgor 

1  M.  Tauri    . . 

30  M.  Auriga; 

1181  H.  Doradfis 

42  M.  Orionia 

1184  H.  Orionis 
30Doradu8    .. 
37  M.  AurigjD 

35  M.  Gerainorum 


R.  A.  1870. 
h      m     • 

0  35  54 
0  47  24 
0  57  49 


24  ]y[  VIII.  Orionis 

41  M.  Canis  Majoris 
50  M.  Monocerotis  . 
38  y  VIII.  Argo  Nav 
40  M.  Argo  Navis 
1593  II.  Argo  Navis 
1019  H.^Vrgo  Navis 
1030  H.  Argo  Navis 
44  M.  Cancri  . . 
07  M. Cancri. . 


Decl.  1870. 
o       / 

+  01  4-0 
-74  0-3 
-71  32-7 


Notes. 


1  24  39     +00     1-0 


1  20  30 

1  37  10 

2  9  57 

2  33  41 

3  28  41 


+  29  59-3 
+  00  35-4 
+  50  32-9 
+  42  13-2 
-30  34-5 


8  39  45     +23  421 


4  12  22      + 15  18-7 


5  9  49 
5  19  57 
5  24     0 


-40  no 

+  35  430 
-09  35-0 


6  20  40      +21  55-3 


5  27  43 
5  28  32 

5  28  53 

5  29  0 
5  39  30 
5  43  47 


+  34     30 

-00  19-8 

-  5  28-0 

-  4  20-4 
-09  100 
+  32  30  0 


0     0  49     -24  20-7 


({     1     7 


.13  58-3 


0  41  20 

-20  30-0 

0  50  41 

-  8  9-0 

7  30  38 

-14  11-8 

7  35  52 

-14  31-2 

7  47  40 

-38  12-7 

7  50  11 

-00  ao-8 

8  0  39 

-48  52-8 

8  32  44 

+  20  25-3 

8  44  7 

+  12  17-2 

Loose  cluster  of  small  stars,  i"  from 
y  to  ». 

Visible  to  the  naked  eye. 

)A  highly-condensed  cluster,  4'  in  dia- 
meter. 

j  A  fine  field,  though  hardly  to  be  called 
(      a  cluster. 

A  very  large,  ill-defined,  hazy  mass  of 
nebulous  matter. 

A  fine  field. 

"  The  cluster  in  the  sword-handle  of 
Perseus :"  a  truly  gorgeous  group. 

A  fine  group  of  rather  large  stars. 

An  oval,  and  possibly  spiral  nebula: 
miyor  axis,  3'. 

The  Pleiades,  fi  Tauri  is  a  star  of  mag. 
3,  otherwise  called  Alcyone. 

TheHyades:  a  scattered  group  of  rather 
large  stars. 

Bright  globular  cluster,  3'  in  diameter. 

Cruciform  cluster. 

Visible  to  the  naked  eye. 

The  "  Crab  Nebula :"  beyond  3  inches 
even  as  a  mere  neb.,  irrespective  of  its 
specialty. 

A  large,  but  rather  faint  cluster,  with  a 
double  of  mags.  8  and  9 ;  dist.  1 2'',  in 
the  field ;  2°  f.  a  5th  mag. 

Large  and  bright  oval  nebula. 

"  The  great  nebula  in  Orion  :"  the  most 
magnificent  object  in  the  sidereal  hea- 
vens. 

A  brilliant  field ;  1°  N.  of  0. 

Very  large  and  irregular  nebula. 

Compact  cluster. 

A  loose  cluster  of  small  stars  perceptible 
to  the  naked  eye ;  f  ths  from  ( 'astor  to  ^. 

Loose  cluster  in  the  form  of  a  trapezium, 
containing  a  pair  of  mags.  7}  and  8^; 
2-4"  apart;  1*  S.  of  ,. 

Large  scattered  cluster,  4°  below  Sirius. 

Cluster;  nither  more  than  Jrdfrom  Si- 
rius to  Procyon. 

Fine  group  of  good-sized  stars. 

Cluster  of  masrs.  8-13,  -i"^  in  diameter; 
in  a  very  rich  neighbourhood. 

Superb  cluster,  20'  in  diameter. 

Cluster  of  2(jO  or  more  stars,  visible  to 

the  naked  eye. 
Large  loose  cluster,  fully  20^  in  diameter. 

Prtpscpe;    a  fine,  but  scattered  group, 

requiring  a  very  low  power. 
Ordinary  loose  cluster,  of  some  size. 
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Name. 

IHSI  H.  ArgoNaviH 

2(^)1  H.ArgoNavi8 

«  Argus 

'.>.M)K  II.  Argo  Navis  . . 

»  Cnicis 

«  CfiUauri  •. . 

51  M.CanumVenat. 

H  M.  Canum  Venat. 

T)  M.  Libraj    . . 
H()M.  Seorpii 

l3M.Horculis 

10  M.Ophiuchi 
l!)  M.  Ophiuchi 

02  M.Herculis 

4:111  H.Arin.. 
li  M.  Ophiuchi 

(lOl-^B.A.C.Opluuchi 

Uii  M.  ()i)hiuehi 

b  M.  Sa^'iltarii 

24  M.ClvjKiiSoh. 

Iti  M.Clvpei  Sob. 

lb  M.ClypeiSob. 

17  M.  Clypei  Sob. 

22  M.  Sagittarii 

11  M.  Antinoi 

.V.  M.Lyni-    .. 

27  M.  Viilpeculft? 
lO  M.  TeguM 
2  M.  Aquarii 

.*J0  M.  Capriconii 


R.A.  1870. 
h      m      ri 

9  30  20 

9  ftH  no 

10  40     0 

11  0  59 

12  45  57 

13  Irt  59 
la  34  21 

12  30     b 

15  II    57 
10     9  17 


Dod.  1870. 

O  I 

-40  21 


»i 


-59  29-7 

-5H  59-9 

-57  58-2 

-59  38-6   I 

-40  38-0 

+  47  51-8  I 

+  29  1-8 

+    2  .-U-O 

+  22  39-1 


10  37     3      +30  42-5 


10  50  19 
10  54  30 


-  3  53-1 
-20     41 


17  13  15      +43  15 


-1 


17  30  6 
17  30  40 

17  39  35 

17  49  10 

17  55  54 
IH  10  49 
IH  11   31 

18  12  19 

IH  13  8 
18  28  29 
IH  44     9 

18  48  42      +32 


-53  35-5 
-   3     9-8 


+    5  45' 
-18  59-9 


19  53  55 
21  23  39 
21  20  43 

21  33     0 


■-■'{ 

9-9 
-24  21-3  I 
-18  27-9 
-13  49-8   I 
-17  10-9 

-10  13-4 

-24     00 

-  0  25-5  I 

32  51-9  I 

+  22  21-9  I 
+  11  35-2 

-  1  24-0  I 

-23  45-3  j 


Notes. 

Large  rich  cluster,  upwards  of  1°  in 
diameter. 

Large  loose  cluster. 

A  ver}-  large  and  remarkable  nebula. 

I..argc  scattered  cluster. 

Rich,  loose  cluster,  containing  many  co- 
loured stars- 
Fine  globular  cluster. 

The  celebrated  spiral  nebula :  a  ver>'  or- 
dinary object  in  common  telescopes. 

Large  and  rather  bright  compact  cluster, 
rather  more  than  ^  from  a  Canum  to 
Arc  turns. 

Splendid  compressed  cluster. 

Globular  cluster. 

Magnificent  cluster,  visible  to  the  naked 
eye. 

Moderate-sized  roundish  nebula. 

Large  and  bright  cluster. 

Fine  bright  nebula,  with  a  ver}-  concen- 
trated centre. 

Globular  cluster. 

Large  comctary  nebula. 

Large  group  of  bright  stars     closely 

N.  f.  fi. 

Rich  and  prominent  group. 

Fine  irregular  cluster:  a  pretty  low 
power  field. 

Large  diffused  group  of  bright  stars. 

Rather  large  cluster,  with  several  con- 
spicuous stars. 

Ver}-  rich  field. 

**  The  Horse-shoe  Nebula:"  plainly  vi 
sible  as  an  elongated  nebula  in  a 
small  glass. 

Large  globular  cluster.  * 

Loose  cluster,  rt»8embling  a  flock  of  wild 
ducks ;  an  8th  mag.  in  the  cl.,  and  2 
of  the  same  preceding  it. 

Annular  nebula,  midway  between  ^ 
and  y, 

"  The  Dumb-bell  Nebula :"  tolerably 
bright. 

Bright  resolvable  cluster. 

Large  globular  cluster  of  small  stars ;  a 
nebula  in  small  telescopes. 

Bright  irregular  cluster,  easily  found ;  a 
little  N.p.  41,  a  5th  mag.  star. 


522 


APPENDIX. 


PART  III.— MISCELLANEOUS  OBJECTS. 


The  following  list  contains  objects  not  within  the  scope  of  the  two 
foregoing  sections  ;  to  wit,  coloured  and  variable  stars  of  tolerable  mag- 
nitude and  short  period. 


Name. 

4c  in  Sculptor 
4c  in  Cetos  . . 

«  Ceti 

aCeii 

fi  Persei 
3|c  in  Auriga 

R  Leporis    . . 

3|c  in  Pictor 
4c  in  Gemini 
2139  B.A.C.  Aurigaj 
4c  in  Canis  Mtgor 

R  Leonis     . . 

2874  Brisb.  Antlioi 
3680  B.A.C.  AnUise 

4c  in  Crater 

4c  in  Crux  . . 

3fc  in  Bootes 

fi  Libra) 

4c  in  Apus  . . 

•  Scorpii 

:|c  in  Ophiucbus     . . 

4c  in  Sagittarius    . . 

n  Aquilffi 

4e  in  Sagittarius    . . 
•N-  in  Capricomus 
4c  in  Indus 
4c  in  Cygnus 

fi  Cephei 
i  Cephei 


BJk.  1870. 


h      m 

1  21 

2  0 


Decl.  1870. 

-33  l3'-4 
+    0  40-4 


Mag.  Notes. 

0       Beautiful  orange-red  star. 


2  12  19     -  3  33-9 


2  65  28     +3  34-7 


2  59  41 
4  43  22 


+  40  17-2 
+  28  18-2 


7  Reddish  star. 

I  Max.  mag.  2 ;  generally  invisible  at 

var.-^      minimum.  Period,  331«*.  Epoch  of 

L     max.  1805,  Mar.23 ;  1866,  Feb.  1 7. 

J,,  ( Fine  orange  star,  with  a  blue  com- 
^^  (     panion. 

var.    Max.  mag.  2 ;  min.  4 ;  period, 2«*  20|*'. 

8  Red  star. 


4  53  41     -15     10    var. 


5  39  37 

6  18     0 
0  27  33 

7  17  38 


-46  30-9 
+  14  47  5 
+  38  31-7 
-25  30-7 


{Max.  mag.  7  ;   min.  and  period  un- 
known :  an  intense  crimson. 

Vivid  red  star. 

Golden -yellow  star. 

Pale  orange  star. 

Red  star. 

(  Max.  mag.  5 ;  min.  10 ;  period, 324«*: 
I     ai   ' 


10  54  26     -17  37-5 


12  39  49     -58  570 


42i- 


9  40  34     + 12    1-8    var.  ^  ,      , 

^      -^  ruby  star. 

10     6  11      -34  40-9       7       Scarlet  star. 

10  29  26     -38  56-5      6^    Extreme  orange  star. 

J.    j  Intense  scarlet  star ;  follows  * 
"    I      and  PS. 

j^ ,  ( Intense  blood-red  star ;  in  the  field 
^  I      with  fi  Cnicis,  a  white  star. 

14  18  12     +26  17-9       7^    Vivid  red  star. 

15  10    0     —  8  54-2      2i    Beautiful  pale-green  star. 

15  11  50  -75  27-5  7  Very  high  red  star. 

16  21  25  -26     8-5  1  Fiery-red  star. 

17  5131  +2  38-8  7^  Ver}'  fine  orange  star. 
19  26  51  -16  38-5  7  Deep  scarlet  star. 


19  45  61      +0  40-4    var. 


19  58  58 

20  9  28 

21  12  23 
21  38  58 


-27  35-7 
-21  43-9 
-70  16-9 
+  37  16  1 


21  39  31      +58  11-1 


22  24  20     +57  45-0 


(  Max.  mag.  3-6  ;   min.   4-4 ;    period 
]      7«»18h. 

7  J  Fine  ruby  star. 

6i  Pure  ruby  star. 

6  Ruby-orange  star. 

8^  Extremely  intense  ruby  star. 

var   ^  ^^*^-  "^*€>-  ^ ;  """•  ^ ;  period,  5  or  (J, 
'  \     years :  *'  very  fine  deep  garnet." 

_.-.  j  Max.  mag.  3*7 ;    min.  4-8 ;   period, 
^^'  \      5-36J. 


TEST  OBJECTS. 
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X.— TEST  OBJECTS. 


This  table  is  reprinted  from  the  late  Admiral  Smyth's  *'  Cycle  of  Celestial  Objects." 
The  position  of  the  stars  for  1865  are  taken  from  Mr.  Darby's  "Astronomical  Observer," 
and  their  distances  have,  where  possible,  been  corrected  by  the  latest  measurements  of 
Dawes  and  Secchi. 


NEARLY    EQUAL    DOUBLE    STARS. 

Name.  B.A.  1805.  Decl.  1865. 

y  Delphini 20  40*  26  N.  15  38  33* 

y  .VrieUs 1  10     6  N.  18  38    0 

«  Geminorum        . .          . .  7  25  29  N.  32  17     0 

y  Virginis  (dist.  1844)      . .  12  34  50  S.    0  42  34 

/*  Cygni 21  38    4  N.  28    8  10 

44  Bootis 14  69  21  N.  48  10  51 

38  Piscium 0  10  26  N.    8     7  33 

^  Hercnlis 17  19    2  N.  37  16  23 

«  Piscium 1  55    3  N.    2    6  39 

\  Aquarii 22  22  10  S.    0  42  37 

y  Leonis 10  12  30  N.  20  31  35 

I  Ursffi  Mjyoris     . .         . .  11  10  59  N.  32  17  39 

•»LyrflB       18  39  51  N.  39  31  43 

^  Draconis 17    2  33  N.  54  39     7 

1 1  Monocerotis       . .         . .  6  22  16  S.    6  56  52 

iSLyraj       18  39  51  N.  89  41  43 

r  CoronaB  Borealis  16    9  37  N.  34  12  12 

?;  Cancri 8    4  23  N.  18     3  14 

MS  Andromedaj        . .          . .  0  47  43  N.  22  55  53 

n  CoronwBoreaUs..         ..  15  17  37  N.  30  46  44 

r  AquilttJ 19  42  20  N.  11  28  58 

X,  Bootis 14  45     9  N.  19  39  48 

•  Arietis 2  51  29  N.  20  47  57 

y»  Andromedre        . .          . .  1  55  37  N.  41  40  56 

^»  Bootis 15  19  25  N.  37  49  18 

•  Kquulei 21  52  20  N.    3  46  46 

20  Draconis 16  55  45  N.  65  14  41 

UNEQUAL  STARS. 

^  Cygni       19  25  17  N.  27  40  42 

C  UrsflB  Miyoris     ..         ..  13  18  28  N.  55  37  45 

35  Piscium  ..         ..  0    8     1  N.    8    4  15 

y  Andromeda>        ..         ..  1  55  37  N.  41  40  56 


Haguitudo. 

Distance. 

a4,    6  5^ 

12'0 

a4i,6  5 

8-9 

a  3,    hZ\ 

5-6 

a  4,    6  4 

4-37 

a  5,    6  6 

4-6 

a\    6  6 

4-5 

a  7i,  6  8 

4-2 

a  4,    6  5^ 

3-8 

a  5,    6 

3-7 

a4,    64i 

36 

a2,    »4 

3-2 

a4,    6  5i 

3-0 

a  5,    6  6i 

3-0 

a4,    64i 

2-7 

a  7,    6  8 

2-7 

a5,    6  5i 

2-6 

a  6,    6  6i 

2-3 

a  6,    6  7 

1-63 

rt6,    6  7 

1-07 

a  6,    6  6^ 

1-2 

a  6,    6  7 

1-4 

a4,    64i 

10 

a  5,    6  6i 

0-9 

a  5^,  6  6 

0-6 

a8,    6  8i 

0-6 

a  5i,  6  7i 

0-5 

a  7.    6  7i 

0-4 

a  3, 

67 

34-4 

a  3, 

65 

14-4 

a  6, 

68 

11-0 

a3i, 

,ft54 

10-3 
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Name. 


I  Bootis 

I  Gepliei     .. 

M  Herculis  . . 

•  Hydree  .. 
I  Trianguli 

%  Serpentis. . 

I  Draconis  .. 

r  Cassiopeae 

I  Bootis 

y  Ceti 

4  Leonis     .. 

^  Orionis  .. 
05  Cassiopofle 

^  Horculis  .. 

X  Ophiuchi.. 
32  Orionis    . , 

4  Aquarii    .. 

y  Cor.  Borealis 


APPENDIX. 

R.A.  1865. 

DecL  1805. 

Maguitudo. 

Distunci 

h      m       K 

O         /         0 

14  45    0 

N. 19  39  48 

a  3i, b  Oi 

00 

31  59  52 

N.  03  58  13 

a  5,    6  7 

5-8 

17     8  29 

N.  14  32  30 

a  3i,  h  5^ 

4-5 

8  39  38 

N.    0  54  53 

a  4,    6  8i 

3-0 

2    4  32 

N.  29  40  10 

a  5i,  b  7 

3-5 

15  28  21 

N.  10  59  32 

a  3,    6  5 

3-3 

19  48  45 

N.  09  55  25 

a  5^,  b  d\ 

31 

23  52  10 

N.  54  52  47 

aO,    6  8 

31 

14  39    5 

N.  27  38  40 

a  3,    6  7 

2-9 

2  30  19 

N.    2  40     1 

a  3,    6  7 

2-9 

11  10  53 

N.  11  10  30 

a  4,    6  7i 

2-5 

5  33  50 

S.    2     1     1 

a  3,    bGl 

2-4 

2  17  58 

N.  00  47  37 

fl  4i,  6  7 

2-1 

10  30  12 

N.  31  50  41 

a  3,    6  0 

0-0 

10  24    0 

N.    2  10  53 

a  4,    6  0 

1-3 

5  23  33 

N.    5  40  40 

rt  5,    6  7 

1-4 

20  44  10 

S.    0     7  45 

«0,    6  8 

0-3 

15  37    4 

N.  20  43  30 

a  5,    6  7 

0-3 

VERY    UNEQUAL   STARS. 


c  Lyra) 
42  Piscium    . . 

i  Equiilei    .. 

7  Cumclopardi 
Polaris     . . 
41  Arictis 

i  Persei 

X  (reminonim 

«  Cassiopeae 

fi  Orionis    .. 

^  Piscium  .. 

i  Geminorum 
34  Piscium   .. 

t  Oti 

«  Geminorum 
84  Ceti 
17  Lyra3 
1 1  Cancri 

y  Crateris  . . 

J  Cygni 


18  32  20 

N. 

38  39 

15 

a  1, 

6  11 

43-4 

0  15  20 

X. 

12  43  50 

«7, 

6  13 

35-0 

21     7  55 

N 

9  27 

40 

«4i 

,6  11 

2H-2 

4  40  27 

N. 

53  32 

0 

a  5, 

6  13 

27-0 

1     8  54 

N. 

88  35  20 

oH 

b[)\ 

IHO 

2  42     1  . 

N. 

20  42 

17 

«3, 

6  13 

15-0 

2  34  48 

N. 

48  39  27 

fl4, 

6  13 

15-() 

7  10  20 

N. 

10  47 

3 

an 

6  12 

10-3 

0  40  52 

N. 

57     0 

2 

a  A, 

6  1\ 

9-7 

5     8     3 

S. 

8  21 

35 

a  1. 

6  9 

9-5 

1     0  25 

N. 

23  52 

7 

aO, 

6  13 

S-0 

7  12     4 

N. 

22  13 

47 

«35 

6  9 

7-1 

0     3  10 

N. 

10  22 

57 

fiO, 

6  13i 

7-f) 

2  28  47 

N. 

5     0 

11 

a4i 

6  15 

0-0 

7  30  20 

N. 

21  43 

9 

«4, 

6  10 

0-0 

2  34  11 

S. 

1  10 

!) 

a  0, 

6  14 

5-0 

19     2  19 

N. 

35   17 

24 

fiO, 

6  11 

3-0 

H     0  34 

N. 

27  51 

50 

a  7, 

6  12 

3-2 

11    18     9 

S. 

10  50 

30 

"4, 

6  14 

3-0 

19  40  45 

N. 

44  48 

8 

a  3i 

,69 

1-07 

London  :  Siiunokways  aki>  Walden,  Printww.  '28  C.iatlc  Street.  Uitcbtcr  S<i. 
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